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LETTER OF SUBMITTAL 


Juny 15, 1960. 
Hon. Lynpon B. Jounson, 
Chairman, Committee on Aeronautical and Space Sciences, 
U.S. Senate, Washington, D.C. 


Dear Mr. Cuarrman: The accompanying staff report, “Space Re- 
search in the Life Sciences: An Inventory of Related Programs, 
Resources, and Facilities,” is forwarded for your consideration and 
submittal to the Congress. 

The purpose of the report, prepared pursuant to your request, is 
to serve members of the Committee on Aeronautical and Space 
Sciences and the Congress as a whole as a reference document of fac- 
tual information about space medicine programs in the Government’s 
extensive space-related life science activities. 

The report was prepared by Dr. Earl W. Lindveit and it was 
reviewed by the other members of the professional staff. The infor- 
mation it contains—current as of date of publication—was supplied 
by the National Aeronautics and Space Administration, the Depart- 
ment of Defense, and other official sources. No attempt has been 
made to aditorialize or to present other than factual information. 

The need for basic information such as this about the Nation’s space 
program has become increasingly evident in order to provide a more 
pr understanding of the rapid advances in space technology 
resulting from continued scientific achievement. 

Respectfully yours, 
Kennetu E. BeLiev, 
Staff Director. 


Ill 














CONTENTS 


Ser ODRGR. 65 sgh indatndoett eds tnlnhide obi Ebi nan a+ cakbawee 
Part I. The role of the life sciences in the national space program 
1, BREROET OU GORI. 6. cinacin d certaetinneddochocccecobuece 

2. The objectives of space research in the life sciences 

3. The example of Project Mercury............-..-...--.--.----- 
Selection of Mercury astronauts 


Kee ee Re Oe Oe ee eee 


Mercury astronaut training program 
Mercury biomedical factors 
4. Advanced biomedical programs 


eee eee 


Page 

1 

3 

3 

9 

10 

il 

12 

13 

15 
Biomedical considerations—long-term flights 15 
Manned orbiting space laboratories 16 
Food, oxygen, water requirements.............-..-.----.--- 16 
FOOW GeIUIIEL, 5 cn co anes bone temihedbonnowunamitionent 17 
17 

18 

19 

25 

25 

27 

27 

27 

29 

29 

29 


ee ee Oe ee ee ee ee ee 


Complete food, oxygen, water regeneration. 
Radiation haz 
Weightlessness 

Part II. National Aeronautics and Space Administration._............- 
1. Background, organization, and activities in the life sciences 
rganization 
Personnel 

Grant and contract program................-.-.-----.--<- 

NASA Life Sciences Committee.._..............----.----- 

NASA Bioscience Advisory Committee_...............----- 
Coordination with other related programs 

2. NASA replies to committee questions concerning its Office of Life 


meee mm mmm ee ee eee 
<< eee eee eee me ee KH eee ee ee ee ee ee ee eee 


eee ee 
ee ee ee 


BENG TINS... ono nanenncdalbenipibucsacheteaheces 31 
3. Report of National Aeronautics and Space Administration Bio- 

science Advisory Committee. .-..............--.....--.---.. 37 
“Summary and recommendations” _..............-------.- 38 

“The role of the life sciences in the national space effort’’__.. 39 
‘Present status of life sciences activities’’...............--. 42 
“Advisory committees for space-oriented life sciences’’_.....- 43 

O CIE RE, i iw «Jed iinhicl i omibiaeannenngnthhasns 44 
“Recommendations for a NASA program in the life sciences’ _ 47 
“Organization of the Office of Life Sciences’”’._._......-.-. 47 


‘Intramural program of the N ASA Office of Life Sciences’’. 48 
‘Extramural program of the NASA Office of Life Sciences” - 51 
“Relationship of the NASA Office of Life Sciences to exist- 


ing programs in the military services’. ...........--- 52 

EEE  ... on a<5enGn-etetiiauitinbabedncabaas 56 

“Comunication and Information” __.........-..-.---.-. 56 

“NASA life sciences facilities as a public trust’’......-- 57 

Part Ill, Depastatent of Deletetis ncnahend’l June dneendabednc-cccesee 59 
A. Overall Department of Defense fiscal summary for aerospace 

related life science programs. ..............-.-------------- 59 


B. Overall Department of Defense staffing summary for aerospace 

related life science programs... . 1... .--.244<--s2--55-500--- 

C. Triservice life science programs...................-..--------- 

Armed Forces Institute of Pathology............------- 

D. Coordination of research programs and exchange of information. - 

1 Depts Gekends Otis: 3 i cabithlndas dtpannsesaccsence 

2. Advisory Panel on Medical Sciences..............--..-- 

3. Advisory Panel on Psychol and Social Sciences 
) 4. Coordinating Committee on Science 


GISKSSSSS 


5. NASA-DOD Space Science Committee 





eA 


| 





VI CONTENTS 


Part III. Department of Defense—Continued 
I Oe ee Bt PO sn ciinesenidns cdmeniendcevcdonunes 
A. Department of the Air Force fiscal summary for aerospace 
related. tile scienee POSTOMS.. .. ... 5 ooo ec nce ewan ns 
B. Department of the Air Force staffing summary for aerospace 
related life science programs 
C. Life science progeamASs « u- eh) 54-¢- 4a~----~---------~---- 
1. Aerospace Medical Laboratory, Wright Air Develop- 
mert Division, Wright-Patterson Air Force Base, 


Ohio 
2. USAF School of Aviation Medicine, Aerospace Medi- 
cal Center, Brooks Air Force Base, Tex_-_---___- 
3. Aeromedical Field Laboratory, Air Force Missile 
Development Center, Holloman Air Force Base, 
pe Ny ee Pay tg pe By  CAE oa SO 
4. Personnel Laboratory, Directorate of Advanced Sys- 
tems Technology, Wright Air Development Divi- 
sion, Lackland Air Force Base, Tex 
5. Life Sciences Directorate, Air Force Office of Scientific 
Research, Air Force Research Division, Washing- 
SON tea ad = a aie Gite oon 6 ae teiein es Sane etna oo oo ein os 
6. Biophysics Division, Research Directorate, Air Force 
gr Weapons Center, Kirtland Air Force Base, 
Br RR aes Aer Fe 
. Operational Applications Laboratory, Air Force Com- 
mand and Control Development Division, L. G. 
Pamecoen- File: Beene Se 
8. Arctic Aeromedical Laboratory, Ladd Air Force Base, 
OETA. ons tS ea ee ee 
9. Directorate of Air Force Bioastronautics, Military 
Space Systems, Air Force Ballistic Missile Division, 
Loe Angeles, Car en eee eS. neeca 
10. Human Engineering Laboratory, Rome Air Develop- 
ment Center, Griffiss Air Force Base, N.Y-_-----_- 
11. Human Factors Branch, Directorate of Flight Test, 
Air Force Flight Test Center, Edwards Air Force 
Base, Calif____- tie oe eo eS SESS 
12. Missile Test and Range Support Division, Office of the 
Staff Surgeon, Air Force Missile Test Center, 
Patrick Air Force Base, Fla__........-...-.-_-- 
13. Human Factors Office, Air Proving Ground Center, 
Eglin Air Force Base, Fla__.-..-..--....-.----- 
14. Training Equipment Branch, Simulator Research 
Section, Aeronautical Accessories Laboratory, 
Wright Air Development Division, Wright-Patter- 
son Air Force Base, Ohio 
Das Sr 000 Tee a oe ee etek wscananee 
A. Department of the Navy fiscal summary for aerospace related 
Ere Selente promtann. 2. C20) UO Geno eee 
B. Department of the Navy staffing summary for aerospace re- 
lated life science programs 
GC: -Eiig aolence programe. S920) BCS NG eS eee 
1. US. Naval Missile Center, Point Mugu, Calif_-__--- 
2. Biological and Psychological Sciences Divisions, Office 
of the Assistant Chief for Research, Office of Naval 
Research, Washington, D.C__-__.-_.-_.-_----.-- 
. US. —_— Research Laboratory, Office of Naval Re- 
GGQTOR css c esas sow hWST ie SSEREC 2s Sola 
U.S. Naval Training Device Center, Office of Naval 
Research 
U.S. Naval Medical Research Institute, National 
Naval Medical Center, Bethesda, Md_____.__--_- 
. U.S. Naval Medical Research laboratory, Submarine 
Base, New London, Conn 
. US. Naval School of Aviation Medicine, U.S. Naval 
Aviation Medical Center, Pensacola, Fla 


~I 


1 Oe Pw 


Page 
69 


69 
69 


70 
76 


83 


94 


98 


101 
106 


109 
112 


134 
144 
146 
148 
152 
161 








CONTENTS 


Part III. Department of Defense—Continued 
Department of the Navy—Continued 

C. Life science programs—Continued 

8. Aviation Medical Acceleration Laboratory, U-S. 

Naval Air Development Center, Johnsville, Pa--_- 

9. Air Crew Equipment Laboratory, U.S. Naval Air Ma- 

teriel. Center, Philadelphia, Pa 

Department of-the Army......ncnsqsoswrewense LULU Bedi 

- Department of the Army fiscal a ef for aerospace related 

life science programs 

B. Department of the Army staffing summary for aerospace re- 

lated life science programs 

C... Life selenee. progremns.... « owwwonn~ = SeULUUE LIN Vel Uh BOIL G 

1 "S —_ eed Army Institute of Research, Washington, 


2. re Army Medical Research Laboratory, Fort Knox, 


3. U.S. "Areay Medical Research and Nutrition Labora- 
tory, Fitzsimons Army General Hospital, Denver, 

4. Quartermaster Research and Engineering Center 

Laboratories, Quartermaster Research and En- 

ginesting, Comsmeant....nanc<ascdsssasseeneedbas 

5. Quartermaster Food and Container Institute for the 

Armed Forces, Quartermaster Research and Engi- 

neering Command 

6. U.S. Army Biological. Warfare Laboratories, Fort 

Deeriekso Md 301 iA Gicus Ree Ie Ai ace 

7. Human Resources Research Office, Washington, D.C_ 

8. ar Research Branch, The Adjutant General’s 

(PUOO 5s pis bin ieee aes Le Se eas 

Part IV. Coordination and utilization of programs, resources, and facilities _ 
1. Present and proposed coordination of life science programs-.-_- 

A. Testimony of Dr. T. Keith Glennan, Administrator, Na- 

tional Aeronautics and Space Administration, and Dr. 
Hugh L. Dryden, Deputy Administrator__........_.-- 

. Testimony of William M. Holaday, Chairman, Civilian- 
Military Liaison Committee_-_..............---.------ 

. Testimony of James H. Douglas, Deputy Secretary of 
Defense 

. Testimony of Vice Adm. John T. Hayward, Deputy Chief 
of Naval Operations (Development) _-_-__-.__.------- 

. Testimony of Lt. Gen. Arthur G. Trudeau, Chief of Re- 
search and Development, Department of the Army----- 

. Testimony of Lt. Gen. Bernard A. Schriever, Commander, 
Air Research and Development Command, Department 
a Pe i Nees corde ee el egal Bir baie 
Part V. Other related organizations and programs-_--_-______---_-_------ 
1. National Academy of Sciences-National Research Council 

A, Some Selenes ThoerG. 3) aa ace ce Jeenuds snc used es 

B. Armed Forces-National Research Council Committee on 

Ls 2 ce cake oa gence anodes aoanne 

2. National Seience' Foundation. o .. 2.5. ecw oe SSL 

3. Bio-Sciences Information Exchange ----..........-...--.------ 

4. Federal Council for Science and Technology 


APPENDIXES 


1. “From Aviation Medicine to Space Medicine,” by Dr. Hubertus 
PN in nn tn ge ideas aie a sa alan cee i 


2. ee = Space Exploration on Biology and Medicine,” by Dr. Clark 


a a? i) 


a 


3. “Psychiatric Evaluation of Candidates for yoee Flight,” by Capt. 

moe E. Ruff, USAF (MC), and Capt Z. Levy, USAF 

Ricks navel s'wcke om de weisise ina aliases thes cine ae ia 

. “Man Alive in Outer Space,’”’ by Dr. Thomas R. A. Davis. -.-.-.-....--- 

; ee Space—Where We Stand,” by Col. Paul A. Campbell, USAF 
) 


oO 


Vit 


Page 
166 


170 
173 


173 


173 
173 


174 
176 


180 


182 


184 
185 


186 
189 
189 
189 
192 
192 
193 
193 


229 
239 


243 
250 





' 
{ 
| 
} 








VIII CONTENTS 


6. “Exobiolo rpeeneatal Approaches to Life Beyond the Earth,’”’ 
by Dr. Joshua Lederberg 


TABLES AND ILLUSTRATIONS 


Biomed considerations—long duration flights 
Manned orbiting space laboratories 
Daily metabolic turnover 
Biologinthes~anate Gigw his oak ccs see case scwelks suse idcosi-weo-- 
Photosynthesis—regenerate food, oxygen-_--_---.....---.-.--.-.------- 
NASA bioscience research grants and contracts__...........-..-.---.-- 
National Aeronautics and nea Administration (organization chart) 
Problem areas in the life sciences ....s5.. 2... skviuwsad eases cc -.)-- 
Overall Department of Defense fiscal summary for aerospace related life 
SNE PENIS . «iin ccdcnctcngbtep inn ss bbesi ck ddnasbsaenes sce 
Overall Department of Defense staffing summary for aerospace related life 
POOR ONIINNGS 6 binds snncbanbnesebea bogies theta ces esenk eo 
Department of the Air Force fiscal summary for aerospace related life 
pcnenee GRNraNG Li ers oats. cass aad. Et os cet ~~ 
Department of the Air Force staffing summary for aerospace related life 
G0lORRO BURN a 5 ic sides eR A. ab dh 4b... 2-5 -- 
Department of the Navy fiscal summary for aerospace related life science 
SRO ic oe din chs sicesp noted aes ses ceosinep---- 
Department of the Navy staffing summary for aerospace related life science 
DUONIRIEEL dic ndccdendh sidaduindsaned wan dutthencecntacen--o 
Department of the Army fiscal summary for aerospace related life science 
DOONIONS.. .ciisc ccsisehs <cdbuciinn nein. gaat An Rel igcnncn-~- 
Department of the Army staffing summary for aerospace related life science 


Page 


128 
129 
173 
173 





REPORT 


INTRODUCTION 


The purpose of this report, made at the request of the chairman, is 
to serve members of the Committee on Aeronautical and Space 
Sciences and Members of the Congress as a whole as a source of infor- 
mation about research conducted in the life sciences in support of, or 
related to, aeronautical and space programs. Such programs—pri- 
marily in the fields of medicine, biology, and psychology—are referred 
to by a number of identical or related terms, including: aviation and 
space medicine; space biology ; bioastronautics; human factors; aero- 
space medical sciences; aerospace biosciences; and aerospace life 
sciences. 

The report contains factual information on the role and importance 
of the life sciences in national space activities. While space accom- 
plishments in the physical sciences are popularly recognized and in- 
tently followed, less information seems to be generally known about 
the relationship of the life sciences to space progress—although both 
scientific areas are of vital importance to the eventual achievement of 
manned space flight and exploration. Gains in the life sciences prom- 
ise also to have application in broad benefits to mankind in general. 

The most significant life science programs in space-related areas 
presently being conducted by various Cobneniscint agencies are in- 
cluded in the report in order to provide a factual basis for evaluating 
the adequacy of present and proposed efforts to coordinate and utilize 
such programs. The report thus serves as an inventory of broad in- 
formation about current life science programs throughout the De- 
partment of Defense as well as a description of proposed activities in 
the newly established Office of Life Science Programs in the National 
Aeronautics and Space Administration. It includes an accounting 
of the men, money, and material invested in life science programs in 
the Department of Defense through descriptions of 32 of the larger 
programs, involving approximately 2,800 civilian and military profes- 
sional and supporting personnel, a total overall investment in facilities 
and equipment of over $61 million, and a research budget for fiscal 
year 1961 of over $38 million. The NASA Office of Life Science Pro- 
grams anticipates for fiscal year 1961 a staff of 32 professional and 
supporting personnel and an estimated total program expenditure of 
$5 million. In testimony before the House Committee on Science and 
Astronautics on June 15, 1960, the Director of this Office indicated 
that within 4 to 5 years the number of professional ——_ would 
total 60, exclusive of additional supporting personnel. 

While a complete appraisal of the utilization and coordination of 
Government life science programs is not an intention or result of this 
report, it does serve to provide background information in a specific 
area of space activity. 
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Space Research in the Life Sciences: An Inventory of 
Related Programs, Resources, and Facilities 


PART I. THE ROLE OF THE LIFE SCIENCES IN THE 
NATIONAL SPACE PROGRAM 


1. Summary AND CONCLUSIONS 


The achievement of future manned space flight no longer appears 
to be subject to serious question. Solution of the broad variety of 
problems involved in the attainment of manned space flight requires 
extensive scientific activity and progress—but the time is approaching 
when the scale of accomplishments will be in balance with the scale 
of requirements. Because the achievement of space flight also requires 
that man survive and function productively, one of the most im- 
portant areas of space research resides in the life sciences, more fre- 
quently referred to by the term “space medicine.” 

Two categories of factors generally describe the scope of require- 
ments for successful manned space flight of an extended duration. 
The first category includes: (1) dynamic forces imposed by the vehicle 
in the process of launching, flight, atmosphere reentry, and landing; 
(2) the life support system containing components necessary to fur- 
nish such basic requirements as food, clothing, water, pressure, oxygen, 
and protection against toxicants; (3) medical monitoring of human 
physical functioning and of equipment furnishing vital needs; and 
(4) food, oxygen, and water regeneration on long-term flights. The 
second category of factors for crew safety and effectiveness—some- 
times referred to as “the great mystery of manned space flight” be- 
cause they cannot be fully aa licated on Earth—include isolation and 
confinement, the condition of weightlessness, and cosmic and nuclear 
radiation hazards. A number of separate problem areas in the life 
sciences are also included in the oe categories of extraterrestrial 
life, stress factors, radiation, and closed environments. 


LIFE SCIENCE PROGRAMS IN THE DEPARTMENT OF DEFENSE AND NASA 


In July 1959 NASA Administrator T. Keith Glennan appointed a 
Bioscience Advisory Committee to assess and prescribe the role of 
NASA in the life sciences. The report of the NASA Bioscience Ad- 
visory Committee—which is reproduced in full in part II of this 
report—includes the following description of Department of Defense 
resources in this area : 
* * * Study of the physical, chemical, biological, and 
psychological stresses of space flight requires an extensive 
array of apparatus and a large staff of trained scientists and 
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technicians. Additional facilities and close liaison with the 
physical scientists and engineers engaged in vehicle research 
and development are essential to provide proper life-support 
systems and protection for the passengers in this new form 
of transportation. 

The existing capability for studies of this character is 
found almost entirely in the military services. Except for 
a few aircraft companies, civilian agencies have had little 
need to develop studies of high-altitude, high-speed flight, 
and NASA itself has so far concentrated almost entirely on 
the physical and engineering aspects of flight problems. 

The military medical services, on the other hand, have been 
continuously engaged since the First World War in develop- 
ing facilities and personnel for aeromedical studies. No at- 
tempt will be made here to draw up a list of the facilities 
now available. It is only necessary to note that, taken to- 
gether, these installations provide a variety and quantity of 
controlled environment chambers, centrifuges, acceleration 
tracks, and other relevant apparatus which may not be equaled 
anywhere else in the world. The committee was especially 
impressed with the quality of the personnel available for 
work in these laboratories and their enthusiastic dedication to 
the job. It is difficult to measure the existing capability in 
terms of money, but the investment in men and machines must 
represent at least $80 million and perhaps a good deal more. 
More important is the time which would be required to build 
similar installations or train comparable personnel for use 
elsewhere. * * * 


Part ITI of this report includes descriptions of 32 larger life science 
pesernro in space-related areas presently being conducted in the 

epartment of Defense. It indicates that such existing programs in- 
volve about 2,800 civilian and military professional and supporting 
personnel, have a total overall investment in facilities and equipment 
of over $61 million, and involves a research budget for year 
1961 exceeding $38 million. 

The interests and activities of the National Aeronautics and Space 
Administration in the life sciences extend back to its predecessor 
organization, the National Advisory Committee for Aeronautics, 
which began studies of human factors in 1943 in response to the grow- 
ing complexity of integrating man with the elaborate systems of ad- 
vanced aircraft. In 1958, one of the first programs of the newly 
established NASA was Project Mercury, having as its objectives plac- 
ing a manned space capsule in orbital flight around the Earth, investi- 
gating man’s performance capabilities and ability to perform in a true 
space environment, and recovering the capsule and the man safely. 

roject Mercury was planned and is now being executed as the first in 
a number of steps toward manned space flight and exploration. 

On March 1, 1960, NASA established an Ofiice of Life Science Pro- 


game as its fifth major division, based upon a recommendation of its 
Bioscience Advisory Committee. During year 1961 NASA antic- 
ipates a staff of 82 professional and supporting personnel and a total 
program expenditure of $5 million. NASA stated that its goals in the 
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life sciences are: (1) to provide the essentials for survival in manned 
space flight and exploration, including effective human performance 
in the space environment; and (2) to achieve greater understanding 
of the laws of nature as they apply to the life sciences through studies 
in the space environment. It anticipates a future professional staff 
of 60, exclusive of supporting personnel, 


NEED FOR COORDINATION OF PROGRAMS 


The dimensions of the problem of coordination of life science pro- 
grams can be inferred from the following statement by NASA Deputy 
Administrator Hugh L. Dryden : 


* * * We are going to continue to use the service labora- 
tories. The estimate is that three-quarters of our effort in 
this field will always be in the universities and service labo- 
ratories. * * * 


When a multimillion-dollar program is involved, as will be the 
case with NASA’s life science activities, a sound structure for effec- 
tive coordination is an absolute requirement. This is expressed as 
follows in the report of the NASA Bioscience Advisory Committee: 


* * * Tt is apparent that personnel may be lent from one 
agency to another, apparatus may be transferred or time 
made available at mnihttary installations with a minimum of 
administrative difficulty so long as the scale of the operation 
is kept reasonably small. All those who provided informa- 
tion for the Committee were unanimous on this point. 

The situation is far more dubious with respect to large or 
continued programs involving extensive transfer of person- 
nel, facilities, or funds. Complex contracts of this character 
would doubtless have to be channeled to rather high levels in 
the Department of Defense with concomitant delays and 
uncertainties, * * * 


In a speech referred to in part IV of this report, Col. John 
E. Pickering, Director of Medical Research in the USAF School of 
Aviation Medicine, Brooks Air Force Base, Tex., said: 


* * * we have seen over the past 2 years a tremendous 
growth in our national biomedical space effort. Nearly 
every institution and industrial organization has some facet 
of a space medicine research effort. Additionally, prac- 
tically everyone in this audience has a personal interest in 
space research or is a member of one or more space commit- 
tees. Yet with all of this, we are still without a central 
coordinated space biology research team. Programs are 
being pursued on a near individual basis without benefit, in 
many instances, of advice and experience of interested and 
knowledgeable people. As a consequence we are in fact 
diluting our national talent to such an extent that the future 
may not hold much more hope for real success and under- 
standing than the past, and a record of the past is not neces- 
sarily one of sound and rigorous scientific achievement * * *. 
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PLANS FOR FUTURE COORDINATION NOT WORKED OUT 


There is little present evidence to indicate a well-conceived plan for 
future coordination between NASA and the Department of Defense 
in the life sciences in terms of the specific problems raised by the 
NASA Bioscience Advisory Committee referred to above. Part IV 
of this report contains extensive testimony that relates to the 
possible amendment of the National Aeronautics and Space Act of 
1958, which would result in abolishing the Act’s two statutory co- 
ordinating bodies, the National Aeronautics and Space Council and 
the Civilian-Military Liaison Committee. The testimony also indi- 
cates, however, that the Civilian-Military Liaison Committee has not 
been utilized to effect coordination between NASA and the Depart- 
ment of Defense. 

As was pointed out to NASA earlier in the form of a committee 
question—which is included on page 36 of this report—during fiscal 
year 1959 the National Science Foundation’s annual obligation in 
support of basic research in the biological and medical sciences was 
about $20 million, plus an additional $3 million for research fa- 
cilities in these areas. Other Government agencies also spend sub- 
stantial amounts every year in the biological and medical sciences. 
Since much of these supported research programs in the biological 
and medical sciences have important related application and use in 
the field of space science it is especially important that NASA’s efforts 
be thoroughly coordinated with those of other Government, agencies. 


RELATED DIRECTIVES CONCERNING SCIENTIFIC RESEARCH 


One of the fundamental directives relating to the coordination of 
scientific research in the Federal Government—the full text of which 
is also included in part V of this report—is Executive Order 10521 
of March 17, 1954, “Administration of Scientific Research by Agencies 
of the Federal Government,” as amended by Executive Order 10807 of 
March 13, 1959. Reference is made to the following portions of this 
directive: 


* * * in order to conserve fiscal and manpower resources, 
it is necessary that Federal scientific research programs be 
administered with all practicable efficiency and economy ; and 

* * * the National Science Foundation has been estab- 
lished by law for the purpose, among others, of developing 
and encouraging the pursuit of an appropriate and effective 
national policy for the promotion of basic research and edu- 
cation in the sciences * * * 

Szc. 6. The head of each Federal agency engaged in scien- 
tific research shall make certain that effective executive, 
organizational, and fiscal practices exist to ensure (a) that 
the Foundation is consulted on policies concerning the sup- 
port of basic research * * * 

Src. 7. Federal agencies supporting or engaging in scien- 
tific research shall, with the assistance of the Hoatintion, co- 


operate in an effort to improve the methods of classification 
and reporting of scientific research projects and activ- 
ans 
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Sec. 8. To facilitate the efficient use of scientific research 
equipment and facilities held by Federal agencies: 

(a) the head of each such agency engaged in scientific 
research shall, to the extent practicable, encourage and 
facilitate the sharing with other Federal agencies of 
nae equipment and favilities ; and 

(b) a Federal agency shall procure new major equip- 
ment for facilities for scientific research purposes only 
after taking suitable steps to ascertain that the need can- 
not be met adequately from existing inventories or facili- 
ties of its own or of other agencies. 


In this same regard, NASA also should utilize to the maximum pos- 
sible extent its membership on the Federal Council for Science and 
Technology—established by Executive Order 10807 of March 13, 
1959, as an outgrowth of the report of the President’s Science Ad- 
visory Committee titled “Strengthening American Science.” The 
following portions of the Executive order—reproduced in part V of 
this report—are especially pertinent : 


Sec. 2. Funcrions or Counciu. (a) The Council shall 
consider problems and developments in the fields of science 
and technology and related activities affecting more than one 
Federal agency or concerning the overall advancement of the 
Nation’s science and technology, and shall recommend policies 
and other measures (1) to provide more effective plannin 
and administration of Federal scientific and technologi 
programs, (2) to identify research needs including areas of 
research requiring additional emphasis, (3) to achieve more 
effective utilization of the scientific and technological re- 
sources and facilities of Federal agencies, including the elimi- 
nation of unnecessary duplication, and (4) to further interna- 
tional cooperation in science and technology. In developing 
such policies and measures the Council, after consulting 
when considered appropriate by the Chairman, the National 
Academy of Sciences, the President’s Science Advisory Com- 
mittee, and other organizations, shall consider (i) the effects 
of Federal research and development policies and programs 
on non-Federal programs and institutions, (ii) long-range 
program plans designed to meet the scientific and technologi- 
cal needs of the Federal Government, including manpower 
and capital requirements, and (iii) the effects of non-Federal 
programs in science and technology upon Federal research 
and development policies and pro , 

(b) The Council shall consider and recommend measures 
for the effective implementation of Federal policies con- 
cerning the administration and conduct of Federal programs 
in science and technology. 


A further measure of coordination, which NASA has signified an 
intention of joining, is the Bio-Science Information Exchange. (See 
P. 37.) This organization—described in part V of this report—per- 

orms a unique role in providing a variety of information about re- 
search grants in the biosciences to a multiplicity of research-sponsoring 
organizations in agencies of the Federal Government. 
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ADVISORY GROUPS 


Parts II, III, and V of this report show that many of the Nation’s 
most competent life scientists are currently available to the Govern- 
ment through a variety of advisory boards and committees. It should 
be noted that advisory bodken generally meet infrequently and lack day- 
to-day participation in the operating decisions of the organizations 
they advise. One of the reasons for the frequent practice of overlap- 
ping membership on these advisory bodies apparently is to assist in 
communication and coordination among the network of such organ- 
izations. 

It is also indicated in part V of this report that two space- 
oriented advisory groups are administered by the National Academy 
of Sciences-National Research Council under contract. One, the Space 
Science Board—an advisory and consultative body covering all fields 
of space science—is supported jointly by NASA and the National 
Science Foundation at a total annual reported cost of $179,000. The 
other, the Armed Forces-National Research Council Committee on Bio- 
Astronautics, has been supported in equal annual amounts of $25,000 
each by the Departments of the Army, Navy, and Air Force. There is 
some speculation that the Department of the Army might withdraw 
its membership and support from the Committee because it is no longer 
considered to have a “role” in space. 

In terms of relatedness of these two advisory bodies to space medi- 
cine, the Space Science Board has 1 panel—out of a total of approxi- 
mately 12—devoted to this general area, and the Committee on 
Bio-Astronautics has all of its nine panels devoted to it. If NASA 
continues to enlarge its responsibilities in the space medicine field, 
it should consider the possibility of supporting both organiza- 
tions since both could apparently contribute to NASA’s program. 
Such consideration should also include the feasibility of combin- 
ing the two groups, both of which are administered by the National 
Academy of Bciancte- National Research Council, in order to promote 
closer integration and communication between the organizations and 
their sponsoring agencies. 


OVERALL PROBLEM AND ITS NEEDS 


In summation, the question raised by the Committee on Aeronau- 
tical and Space Sciences, and reflected in this report, is that it is con- 
cerned as to whether in establishing the NASA Office of Life Science 
Programs adequate consideration was given to: (1) How existing 
space-related life science programs, resources, and facilities in other 
Government organizations could be utilized to the maximum extent 
— (2) the long-range implications of competition between 

overnment organizations for limited numbers of available life 
scientists; and (3) how required coordination could be undertaken 
among life science programs to avoid unnecessary duplication of 
effort. 

The Committee believes that there is a definite need for the issuance 
of a policy statement or suitable set of guidelines by NASA and other 
space-related Government life science organizations, including the 
military services in the Department of Defense, showing how they may 
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conduct business on a systematic basis so as to insure the achievement 
of a unified program of maximum coordination and utilization of in- 
dividual resources and facilities. This would also necessitate an 
evaluation by the Department of Defense as to which of its life science 
programs have purely staff or organizational missions, which are 
related to or support technology, and what overall Dy yoke of such 
facilities could be made available in support of NASA requirements. 
The long leadtime required in scientific research and development 
necessitates sound forecasting for meeting future needs adequately. 
There is little justification for isolating related life science _ 
grams by agency and assigning them “civilian” or “military” labels. 
Their relatedness in program content should be reflected in a coordi- 
nated program execution that utilizes fully all resources available. 


2. Tue Opsectives or Space RESEARCH IN THE Lire ScreNcES 


* * * because man will fly into space—there are * * * a 
number of things that we must find out. 

We have to find out factors that affect the biological proc- 
ess, the living organism of man himself; how he reacts to 
this space environment; which is a very alien environment as 
compared with this atmosphere that we live in. 

Furthermore, we must ascertain before we send a vehicle 
into space that it is as nearly a perfect piece of mechanism 
as anything man has ever built; because, once you launch a 
spacecraft with a man in it in the direction of the Moon or of 
any planet, everything has to work, You do not turn around 
simply and come back if something fails. You do not drift 
and eventually drift to a friendly shore. You obey the im- 
mutable laws of motion and you tend to go out. 

So we are going to have to insure to the highest extent 
possible that every piece of equipment that we put in the craft 
1s proven and capable of working for the months or even 
oe the case of some planetary expeditions—that will 

required. 

There are two ways you can do this, and we shall use both 
of them: 

We shall utilize facilities, research facilities, on the ground 
so far as possible, both to study the effects of simulated en- 
vironments on man and on the technological articles; but this 
total space in which we must fly has vacuums that are very 
difficult to achieve completely upon the Earth. 

It undergoes radiations, particle encounters, micrometeor- 
ite encounters, a iam number of factors that will be difficult 
to represent in whole in an Earth laboratory. 

Hence we feel that an integral part of the total space 
exploration and research phase is going to be the placing 
of satellites in orbit about the Earth that are actually flying 
in the total-space environment that we are going to have to 
encounter, and in which we can study both the biological and 
technological processes involved. 
te * * * 7” * * 


54232—60——_2 
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This testimony on February 20, 1959, by DeMarquis D. Wyatt. 
technical assistant to the Director of Space Flight Development of 
the National Aeronautics and Space Administration, served to pre- 
view the Senate Committee on deseneiicad and Space Sciences on 
the future role of the life sciences in NASA’s space sciences program. 

The objectives of space research in the life sciences include (1) 
determination of the effects on living organisms of extraterrestrial 
environments; (2) investigation of the existence of extraterrestrial 
life; and (3) achievement of scientific and technological advances 
required for manned space flight and exploration, including exten- 
sive basic research and development in a cooed variety of biological, 
psychological, and medical programs. The broad spectrum of life 
sciences activities spans basic aaheestory research at the one extreme 
and practical application testing and operational evaluation of hard- 
ware at the other. 

For the purposes of this report the life sciences are meant to include 
biological, psychological, and medical programs related to, or being 
carried on in support of, aeronautical and space activities. It is a 
field abundant with terminology in which the following identical or 
similar expressions are frequently observed: aerospace medical 
sciences; aerospace biosciences; aerospace life sciences; bioastro- 
nautics; aviation and space medicine; space biology; and human 
factors. 

3. Tue Exampie or Prosectr Mercury 


A program of highest priority now being conducted by the Na- 
tional Aeronautics and Space Administration is Project Mercury, the 
manned satellite program. The objectives of Project Mercury are 
to (1) place a manned space capsule in orbital flight around the 
Earth, (2) investigate man’s performance capabilities and ability to 
survive in a true space environment, and (3) recover the capsule and 
the man safely. Project Mercury is a national effort of the United 
States, conceived and organized to send man on his first short step into 
space. The NASA Space Task Group located at the Langley Re- 
search Center, Hampton, Va., is administering Project Mercury. 

The McDonnell Aircraft Co, of St, Louis, Mo., was selected to 
develop and manufacture the Mercury manned satellite capsule, 
which is bell shaped like a round television tube about 6 feet at the 
base and about 9 feet tall. The capsule will be wingless, have an 
extremely blunt leading face covered with a heat shield, and have 
high aerodynamic drag; it will be subject to various combinations 
of acceleration, heat loads and aerodynamic forces during boost and 
atmosphere-reentry phases. It is planned that an Atlas intercon- 
tinental ballistic missile rocket booster would launch the manned 
capsule in a circular orbit around the Earth, at an altitude of between 
100 to 150 miles. Upon completion of three orbits around the Earth, 
descent from orbit would take place by use of retrothrust rockets in 
the capsule system. After being slowed down by aerodynamic drag, 

arachutes in the capsule system will billow out and further reduce 

escent speed, and recovery of the capsule could be made on land 
or water. 

The Mercury capsule would be guided into the desired orbit through 

ound-based and booster equipment after which ground and capsule 
Toriees would determine the orbital path in flight. Each orbit of the 
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capsule around the Earth would take about 90 minutes. Inside the 
Mercury capsule the astronaut, wearing a pressurized flight suit, 
would be supported on a couch tailored to the exact contours of his 
body which would enable him to withstand the forces of acceleration 
on takeoff and reentry. Food and water would be available to the 
astronaut during orbital flight, and the capsule would be subject to 
controlled pressure, temperature, and atmosphere composition. 

The astronaut would have contact through voice communication 
with ground stations during flight. Capsule instrumentation would 
include two-way radios, receivers for command from the ground, 
telemetry equipment for transmission of data from the capsule to 
ground stations, and radio tracking beacons. Information on the 
astronaut’s physical condition would be telemetered to ground stations. 
Other equipment would evaluate the astronaut’s reaction to space 
flight, measure and monitor the internal and external capsule environ- 
ment, and make scientific observations. 

The astronaut would have the option of using manual or automatic 
control of the capsule during orbital flight. A control system of 
capsule attitude sensors, electronic stabilization devices, and reaction 
controls would be incorporated in the capsule. The reaction control 
would maintain the capsule in a specified orbital attitude and establish 
the proper angle for firing of the retrothrust rockets for reentry into 
the atmosphere, or for an unplanned termination of the mission. Dur- 
ing manual control of the capsule the astronaut would be able to see 
portions of the earth and sky which would enable him to position the 
capsule to the desired orbital attitude. 

Upon a signal initiated by either the astronaut, an automatic device 
within the capsule, or by a command link from ground control, the 
Mercury capsule’s retrothrust rocket system would supply sufficient 
impulse for reentry into the atmosphere in less than one-quarter of 
an orbital revolution. This control over the capsule’s point of reentry 
into the atmosphere would enable the landing area to be largely pre- 
determined. After the capsule has landed recovery aids would include 
tracking beacons, smoke bombs, dye markers and other devices. 

Among the Project Mercury safety contro] features are an emer- 
gency system enabling the astronaut to escape if anything goes wrong 
during launching, an escape-system separation of the capsule from 
the booster in an emergency situation before orbital altitude is reached 
and after the capsule is in orbit the ability of the astronaut to reenter 
the atmosphere at any time by activating the retrorockets. Project 
Mercury includes ground testing, oe and qualification flight 
testing, and astronaut training—orbital flight of the manned space 
capsule would be dependent upon a logical buildup of vehicle capabili- 
ties and scientific data. 


SELECTION OF MERCURY ASTRONAUTS 


Because many of the unusual conditions expected in space flight 
are similar to those experienced by miltary test pilots, NASA went 
to this field for volunteers for the astronaut program. The general 
requirements were: ion of a bachelor’s degree or equivalent in 
engineering or the ehveinal sciences; graduation from a military test 
pilot school; 1,500 hours of jet flying time; under age 40; and 5 feet 11 
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inches in height or less. The educational requirement was set because: 
of the variety of scientific and technical problems that would confront 
the astronauts throughout the program. 

A preliminary screening of records indicated that more than 100 
active graduates of military test pilot schools would qualify under 
these requirements. It was found unnecessary to contact all of them, 
because of the first 69 called to Washington to hear the Mercury proj- 
ect, outlined, 80 percent volunteered. All were of such high caliber 
that selection was difficult. Through individual interviews and suit- 
ability discussions to determine motivation, experience and technical 
background, a group of 32 was selected to proceed further in the pro- 
gram. The 7 mabcuss astronauts finally selected come from this 
group of 32. 

From Washington, the selection schedule took the pilots first to 
Lovelace Clinic in Albuquerque, N. Mex., and then to Wright Air 
Development Center Aeromedical Laboratories, Wright-Patterson 
Air Force Base, Ohio. At Lovelace, candidates were given exacting 
physical examinations. At WADC, the Air Force, with the assist- 
ance of Army and Navy specialists, assessed candidates in the psy- 
chological and stress tolerance areas. The selection process ended at 
the NASA Langley space flight activity, where final evaluation was 
undertaken by a group representing both medical and scientific 
professions. 
MERCURY ASTRONAUT TRAINING PROGRAM 


The astronauts are training at a number of locations throughout the 
country, including the Wright Air Development Center; Naval] Air 
Development Center, Johnsville, Pa.; Atlantic Missile Range, Cape 
Canaveral, Fla., and at other biomedical centers. The home of the 
astronauts, and the location of the NASA Space Task Group is at 
the NASA Langley Research Center facility. 

The initial phase of the astronaut training program is broken down 
into six areas of activity: 

1. Education in the basic sciences.—Essentially an academic educa- 
tional program, this area includes instruction in astronautics, par- 
ticularly ballistics, trajectories, fuels, guidance, and other aspects of 
missile operations, basic aviation medicine and orbital flight hygiene, 
the space environment, astronomy, meteorology, astrophysics, and 
geography, including the techniques for making scientific observations 
in these areas. 

2. Familiarization with the conditions of space flight.—This phase 
of training is designed to familiarize the astronauts with the heat, 

ressure, G force levels and other special conditions of space flight. 

t includes periodic simulated flights in centrifuges and pressure 
chambers, weightless flying, training in human disorientation devices, 
the development of techniques to minimize the effects of vertigo, and 
experiments with high heat environments. 

This part of the training program will provide data on the abilit 
of the astronaut to contribute to system reliability under the condi- 
tions to be encountered during flight, the psychological and physio- 
logical effects of the normal and various emergency conditions which 
may be encountered during flight, and the requirements for the sup- 
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port and restraint systems, the environmental control system, and 
the crew space layout. 


3. Training in the operation of the Mereury space vehicle—The 


‘objective of this segment of the program is to provide a thorough 


knowledge in the operation and maintenance of the Mercury vehicle 
and its component subsystems, with particular emphasis being placed 
on the use and maintenance of the scientific instruments and life- 
support equipment. 

4. Partiipation in the vehicle development program.—Each of the 
astronauts is assigned to a system or subsystem of the Mercury vehicle. 
In this work, he will acquire specialized knowledge of value to the 
entire group. This information is exchanged in a series of informal 
seminars. 

Actual work on the vehicle development program by the astronauts 
will provide limited augmentation of the Space Task Group staff as 
well as providing them with an intimate knowledge of all aspects of 
the Mercury vehicle itself. 

5. Aviation flight training —The Mercury astronauts will continue 
to maintain their proficiency in high performance aircraft in an avia- 
tion flight training program. Continued operation of high perform- 
ance aircraft will give them additional altitude acclimatization, in- 
Cena training and the physiology of high altitude, high 
speed flight. 

6. Integration of astronaut and re support and launch crew 
operation.—Familiarization with the operation of ground support 
equipment and launch crew operations will be accomplished in co- 
ordination with the agencies providing boosters and launch facilities. 
Training in the operation and use of ground support equipment and 
observation of launch operations will provide the astronauts with 
complete knowledge of the launch phase of Mercury flights. 

Existing research, development, training and test facilities of the 
armed services, industry and educational institutions throughout the 
country will be utilized for maximum effectiveness at minimum cost. 
A number of experts in many of the scientific and technical subject 
areas will give lectures to the astronauts during their educational 
program. 

The concentrated astronaut education program began with overall 
program orientation briefings by members of the Space Task Group 
staff. While assigned to the Langley facility, the Mercury astronauts 
will work as integrated members of the NASA Space Task Group. 

Each of the Mercury astronauts has been detailed to the NASA by 
his respective military service but is still considered to be on active 
duty and is receiving military service pay. The astronauts will 
remain on duty with NASA on a full-time basis. 


MERCURY BIOMEDICAL FACTORS 


The various biomedical programs undertaken in connection with 
Project Mercury are also aimed at the overall guiding philosophy of 
the Mercury undertaking: That there be an adequate margin of safety 
for the Mercury astronauts and that the risk hazard should be no 
greater than in test pilot operations with experimental aircraft. Brig. 
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Gen. Don D. Flickinger, staff surgeon and Director of Life Sciences in 
the Air Research and Development Command Headquarters, Depart- 
ment of the Air Force, who is closely associated with Project Mer- 
cury, stated before this committee on April 9, 1959: 


* * * We attain this degree of safety for our astronauts 
by a very rigid selection, test, and qualification of both the 
hardware components involved in the safety of the astronaut, 
and of course, the human component as well. Both are 
equally important. 


General Flickinger went on to mention some of the hazards involved 
in Project Mercury, the information at hand about human tolerances 
to these hazards, and the engineering techniques and methods of 
maintaining such hazards within known tolerances. He stated that 
the factors for crew safety and effectiveness in the Mercury mission 
were divided into two groups: critical factors and uncritical factors. 
These are listed and defined as follows: 


Critical factors for crew safety and effectiveness 


1. Dynamic forces—Forces imposed upon the human by the vehi- 
cle itself in achieving orbital velocity and in reentry and landing. 

2. Life support system :—All components that give the human the 
basic requirements during the period of the orbital mission, including 
food, water, pressure, oxygen, and maintain potential noxious gases 
below the atomic level. (The Mercury capsule will have a 100 per- 
cent margin of safety in that it can sustain the astronaut for 48 hours, 
if necessary, instead. of the planned maximum of 24 hours.) Many 
aspects of the life support system requirements are minimal because 
of the short duration of the flight as compared with what they would 
have to be for extended space travel. 

3. Medical monitoring.—To know how the human being is function- 
ing and also how the equipment furnishing his vital needs is func- 
tioning. 

Uneritical factors for crew safety and effectiveness 

These factors have been referred to as the great mystery of manned 
space flight, because they cannot be fully duplicated, apart from ex- 
periencing actual orbital flight. The factors are considered as un- 
critical only in terms of the Mercury vehicle and scheduled mission 
profile which basically ice that (a) should the pilot be disabled 
or unable to perform when exposed to the altered force environment 
the vehicle can be completely controlled by ground stations, (6) the 
orbital apogee will remain well below the proximal Van Allen lobe of 
radiation, and (¢) maximum duration of time in orbit will not exceed 
18 to 24 hours. 

1. Weightlessness—A condition that exists when the outward cen- 
trifugal force of the vehicle equals the pull of gravity. It does not 
appear to be a handicap for short-term manned flight, but long-range 
flight. could be more serious in resultant physiological changes. 

2. Isolation and confinement.—The psychological aspects on the 
individual of isolation, confinement, and complete separation from 
all terrestrial things. 

3. Cosmic radiation.—The Mercury orbit is approximately 100 to 
150 miles above the Earth, below the hazards of the great radiation 
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belts that affect deeper space probes. From known measurement a 
Mercury pilot in orbit for even as long as 48 hours would receive about 
45 milhroentgens of radiation, which is well within the tolerance 
dose. 


4. ApvanceD BromepicaL Programs 


On April 9, 1959, Dr. Douglas L. Worf, Chief of Biology and Life 
Support Systems, gave the following testimony before this committee 
concerning NASA’s advanced biomedical programs. 

oe * * * * a o* 


Dr. Worr. * * * 

My discussion will be on advanced medical programs. 
General Flickinger just spoke to you about the problems that 
we expect to experience in the short-term flights, such as Mer- 
cury. In my discussion here I will try to stress the biological 
problems that we will get into when man is capable of oc- 
cupying space, planets, or the Moon, for prolonged periods. 

Charts referred to appear on pp. 20-24. ] 


BIOMEDICAL CONSIDERATIONS—-LONG-TERM FLIGHTS 


One of the most challenging problems is to supply the man 
with adequate nourishment, oxygen, water, and clothing over 
these prolonged periods without unduly penalizing the use- 
fulness of the mission. [Chart 1. 

Another problem that will arise in prolonged flights, at 
least one that we will have to anticipate and make provisions 
for, is chronic and acute toxicity. Man, himself, releases 
certain toxicants after a period of time. Carbon dioxide is 
one. It is possible also that the materials inside the capsule, 
even the paint or perhaps a malfunction of the electronic 
components, might produce a toxicant material. This is 
something that we have to look into continually, all aspects 
of the materials of construction in the extended use of the 
capsule. 

Sanitation is a problem, particularly in the weightless 
state, how are we going to handle human wastes so that the 
man will not become toxic and a hazard to himself in a space 
capsule? 

egarding the radiation problem, General Flickinger 
briefly discussed this for the short-term flight and stressed 
that this does not appear to be a problem. If will go into the 
the aspects of radiation for extended manned space flight, in 
more detail later. The sources of radiation that man will be 
exposed to are cosmic radiation, the trapped radiation in the 
great radiation belt; you probably have heard discussions on 
this earlier, I will elaborate on it from the standpoint of haz- 
ard to man. Eventually it is expected that man will utilize 
nuclear components either for power or propulsion, and pro- 
visions must be made to protect him Faiien this manmade 
nuclear radiation. 

Physiological stresses—this is not intended to be com- 
plete—but I have listed several stresses that will have to be 
considered by the biomedical community. 
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Temperature, high temperature during reentry into Earth’s 
atmosphere, entry into planet’s atmospheres or high and low 
temperature in long flights, say between the Earth and the 
Moon or Mars is a consideration that the engineers and biol- 
ogists must take into account in the design of a space capsule. 

Weightlessness is a problem that is unique to space. Here 
again General Flickinger noted that weightlessness doesn’t 
appear to be a serious handicap for short-term manned flights, 
but it is quite possible that physiological changes in the man 
will occur in prolonged, extended flights. 

Psychological problems may turn out to be the real concern 
in prolonged flights. The fear of an initial launching, the 
payhologicel problems pertaining to extended flight when we 

ave several people ina cramped capsule. Disorientation and 
isolation problems are also to be considered in the psycho- 
logical aspects of space flight. 


MANNED ORBITING SPACE LABORATORIES 


This chart [2] gives the future plans for placing man in 
space and in manned orbiting space laboratories. The de 
tailed talks given earlier dealt with the peed ta booster 
vehicle which is capable of putting about 2,500 pounds in space 
in a 150-mile orbit. In several years, we anticipate placing 
two men in space for a 2-week period. Then we will get 
into a still more advanced design, phase 3, which will permit 
several men to be placed in an orbit for several weeks. This 
will be accomplished by a cluster of the Mercury type vehicle. 

Finally, we get into the development of a very large ve- 
hicle, permitting a permanent space station to be placed in 
orbit containing half a dozen scientists or engineers to be 
placed in space, enabling them to make observations on tech- 
nological, scientific and biological observations over a pro- 
longed period of time. 

One of the most challenging problems, as I mentioned 
earlier, is to keep man adequately supplied with food, and to 
keep him alive and well. 


FOOD, OXYGEN, WATER REQUIREMENTS 


The chart [3] I have here shows the daily metabolic turn- 
over of a man weighing about 154 pounds. He requires about 
2 pounds of oxygen per day; about 5 pounds of water, and a 
little over a pound of solid food. That is his input. His out- 
put would consist of about 2 pounds of carbon dioxide, about 
6 pounds of water, and just a small amount of solids, urea, 
and minerals. 

It becomes obvious, by using a little arithmetic that. man is 
going to eat the equivalent of his weight in about 20 days. In 
less than a year, he will have consumed about a ton of oxygen, 
food, and water. This gets to be prohibitive in terms of per- 
missible payload to carry adequate food supplies along. So 
we will have to resort to utilizing some of this output for de- 
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veloping an input. In other words, we will have to regenerate 
some of the human waste. We would like to avoid this if at 
all possible, and are trying to develop every possible idea to 
extend the period of time where we will not have to regenerate 
any part of the human waste for food. 


FOOD REGENERATION 


This curve [chart 4] shows the pounds of food required over 
this period of time of flight for one man. No regeneration is 
required of human waste. Now, in order to extend this line 
beyond this 4-week breakoff period where we will have to 
begin at least the partial regeneration of human waste, we 
are looking into various chemicals and methods for extend- 
ing this period of time. 

One method would be to utilize potassium superoxide. This 
is a chemical which has the interesting characteristic of ab- 
sorbing the carbon dioxide exhaled by man at the same time 
releasing oxygen. We also might look into such radical ideas 
as developing and utilizing some of the structural compo- 
nents of the capsule itself as edible material. This will not 
extend the nonregenerative period much beyond 4 to 6 weeks, 
however, after which we will have to consider the i- 
bility of utilizing some human output for replenishing input 
requirements. 

The water of elimination appears to be one of the first that 
we will work with by the selective use of ion exchange resins. 
It is anticipated that we can make the water potable or per- 
haps use it for dehydrated foods. This will extend the flight 
period to about 3 months, at which time we are going to have 
to consider a completely regenerative system, that is, one uti- 
lizing all human wastes, 


COMPLETE FOOD, OXYGEN, WATER REGENERATION 


This chart [5] illustrates one suggestion for undertakin 
this procedure. We have here a cycling system where man’s 
wastes are used for food by what we call an algal system. 
This algal system not only uses certain human wastes, the 
CO., the carbon dioxide, and certain organic solids, but also 
requires solar radiation for its growth. 

As algae grows, they release oxygen, and this is, of course, 
one of the requirements of man. Also, the algae themselves 
provide a nourishing food with the essential amino acids, pro- 
tein, and carbohydrates requirements. 

Therefore, this is one area that we are looking into very 
seriously, and perhaps in about 5 years, if our program pro- 
gresses as we expect, we will have a prototype of a completely 
closed system available for testing in space. 

Some of the problems we expect to investigate in space by 
the use of this system is the effect of radiation on these algae. 
If radiation causes a bad mutation, it might very well kill off 
the algal system. If this should occur while man is in orbit 
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between the Earth and Mars, this, of course, would be fatal. 
Temperature also affects their growth, so we have to select an 
algal system very carefully. 


RADIATION HAZARDS 


Another problem that I mentioned to you just a moment 
ago is the radiation to which the pilot may be exposed. Such 
radiation affects unicellular organism alae. which I have 
here in this test tube. This radiation not only affects these 
algae system, causing mutations, but, as you well know, radi- 
ation affects man, too, especially ionizing radiation, as op- 
posed to ultraviolet, which is regarded as one of the 
non-ionizing radiations. 

The most severe situation we have to face is the so-called 
great radiation belt discovered by Van Allen in his experi- 
ments with Pioneer III and earlier experiments with 
Explorer. 

It appears now that this will not be a serious bottleneck to 
man’s space flight, but it is another parameter we must con- 
sider. It will certainly not be a problem with the earlier 
Mercury flights, since they will be well below the point at 
which the first belt begins, about 1,500 miles above the Earth. 

We can select most of our missions to orbit below that 
potentially hazardous region, or we can select them so that 
they will be between these belts where there is less radiation. 

I will not attempt to go into detail regarding this chart on 
the great radiation belt. I think you have had an earlier 
presentation on these radiation belts, but I want to bring 
out a few points on how we are considering this radiation 
insofar as future manned space flights are concerned. 

It is possible also that in the escape velocity the pilot would 
go directly through this belt without harmful radiation. We 
expect it would take about a half hour at this speed to get 
through the belts. Assuming that the charged particles are 
electrons, the pilot would get only about 5 rem per hour. 
This is the amount of radiation which is allowed per plant 
worker per year by the Atomic Energy Commission. 

Of course, if —- are protons, the pilot would get con- 
siderably more. He would get 50 rem, or 10 times that 
amount; but again, this is not regarded as a permanent 
physiologically damaging dose but this amount would cer- 
tainly not be permitted for the world population. This so- 
called permissible level for you and me and the world at large 
is only 0.3 of a rem per year. The lethal dose for 50 percent 
of exposed persons (L.D. 50) is 450 rem, and if a passenger 
in these belts was unshielded for a period of 4% hours, assum- 
ing charged particles are protons, he would receive L.D.—50. 
It would require several days to receive this L.D.—50 dose if 
corpuscular radiation were electrons. 

he amount of shielding ae by the way, is about an 
inch of this plastic or about a half inch of aluminum to pro- 


tect him indefinitely if he is in these belts. 
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WEIGHTLESSNESS 


Now, another problem that we have to consider is living 
under a weightless condition. General Flickinger spoke to 
you about the fact that this is not regarded as a hazard for 
short-term flights. For long-term flights we anticipate cer- 
tain problems. It will be an annoying situation to say the 
least. A man will have to develop new techniques for just 
getting around and performing useful functions. He will be 
required to develop new ways of walking, handling himself, 
and getting sidan 

In a weightless state the feeding problem is difficult, espe- 
cially with liquids. Since liquids will not weigh anything, 
the pilot will have to use a special squirt bottle to get liquids 
into his mouth. He will probably not eat solid chunks of 
meat because this is apt to cause regurgitation and choking 
which could be fatal. So that in the weightless condition, 
the pilot may be required to use highly nutritious semifluids. 

Storage and handling have to 5 considered; dispensing 
liquids, as mentioned ; sanitation ; and we will have to develop 
esthetic accessory equipment for handling and disposing of 
human wastes. 

One of the ways for circumventing the problems in a 
weightless state would be to apply to the vehicle and its pas- 
sengers an artificial or a simulated gravity. This is simply 
accomplished by rotating the vehicle. We can control the 
gravitational force to the required amount in this fashion. 

Well, I have not attempted here to give you the full picture 
of the problems that we are facing with long-term flight. I 
think that our main objective here, I can state in summary, is 
to make space life at least tolerable for man. 

b * * ea * 
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PART II. NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 


1. BackGRounpD, ORGANIZATION, AND ACTIVITIES IN THE Lire Scrences 


The National Advisory Committee for Aeronautics (NACA), pred- 
ecessor organization of the National Aeronautics and Space Admin- 
istration, began studies of “human factors” in 1943. Activity in this 
area was initiated in response to problems arising with the develop- 
ment of high performance aircraft in World War II necessitating 
integration of man with increasingly complex systems for the per- 
formance of flight missions. 

The experimental X~1 aircraft and its successors have added sig- 
nificantly to the magnitude of pilot control problems. This led to 
the development of ground-based flight simulators by the NACA. 
Beginning in 1950 a program was expanded on a small scale at 
the NASA Langley and Ames Research Centers which includes 
computor pro ed static and dynamic flight simulation as well as 
variable stability experimental aircraft to test human performance 
as a link in aircraft control systems. 

The advent of space exploration late in 1957 and the initiation in 
October 1958 of NASA’s high priority Project Mercury, designed to 

lace a man in orbit around the earth and to recover him safely, 

rought human problems associated with space exploration into sharp 
focus and thereby helped to delineate broad requirements for future 
activities in this area. 

It was the interpretation of the National Aeronautics and Space 
Administration that in accord with the functions given it in the 
National Aeronautics and Space Act of 1958 [that “activities in space 
should be devoted to peaceful purposes for the benefit of all man- 
kind” in the study of life processes in this newly opened environment 
ae program should constitute a significant part of the total 
effort. 

NASA interpreted its functions as requiring a long-term twofold 
goal regarding the space related aspects of Fatboy. medicine and 
psychology. The first is concerned with manned space flight and 
exploration, necessitating provision of the essentials for survival in 
the space environment and the means which will allow effective human 
performance in flight and as a scientific observer. The other major 
goal is directed toward further understanding of the fundamental 
laws of nature as they apply to biology and medicine that will result 
from studies in the space environment, directed at the goal of opening 
a new dimension for observation of biologic phenomena. The long 
leadtime required for necessary advances in biotechnology requires con- 
tinuing effort in a number of problem areas, including man-machine 
integration, definition of tolerance to combined stresses, development 
of life support systems, radiation shielding, and provision of ade- 
quate escape and protective devices. 
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Project Mercury was planned and is now being executed as the first 
in a number of steps toward manned space flight and exploration. 
It was recognized that in order to accomplish at the earliest practi- 
cable date the assembling and testing of systems and subsystems re- 
quired for successful manned orbital flight, problem areas such as 
reliability, tracking, communications, control, reentry, and recovery 
techniques had to be overcome. Research designed to acquire the 
basic medical and behavioral information required to meet the 
physiological and psychological needs for long duration existence 
and effectiveness in stressful artificial environments necessitates 
augmentation of investigation in radiology, metabolism, cardiovas- 
cular physiology, respiratory physiology, neurophysiology, and psy- 
chology. Basic biological studies at a cellular level—concerning the 
effects of space environments on living organisms and the search for 
extraterrestrial life—anticipate investigation of the molecular control 
of cellular activity and of comparative biology on the broadest pos- 
sible scale. Exposure of living cells and tissues to a wide range of 
ionizing radiation, weightlessness, high vacuum, temperature ex- 
tremes, and unusual combinations of eialia to be found in remote 

lanetary atmospheres and surfaces could lead to important scientific 
information. 

These broad objectives led to the establishment of the Office of Life 
Science Programs as a fifth major division of NASA on March 1, 
1960. Clark T. Randt, M.D., was appointed Director of this Office 
which is responsible for NASA activities in biology, medicine, and 
Params Overall guidelines for the NASA Office of Life Science 

rograms were recommended by the Bioscience Advisory Committee 
appointed by Administrator T. Keith Glennan in July 1959 to assess 
the role of NASA in this area. The NASA Bioscience Advisory 
Committee was apprised of existing aerospace medical facilities, pro- 
grams, and personnel by representatives of the Army, Navy, and 
Air Force, who comprehensively described and illustrated activities 
in this area. Representatives of industry and universities also pro- 
vided adieteald information for the committee. Their report was 
submitted to Dr. Glennan in January 1960. The recommendations 
have provided a broad outline for the Office of Life Science Programs 
in planning future life science activities. 

The stated mission of the Office of Life Science Programs is to 
provide leadership and integration for a national program in the 
space-related aspects of biology, medicine, and psychology. This in- 
cludes research, development, and training in areas concerned with 
the technologie and scientific problems of manned space flight and 
exploration, as well as biological investigations relative to the effects 
of intraterrestrial environments and the search for intraterrestrial 
life. NASA has indicated that the Office of Life Science Programs 
would provide a focal point for activities in this area on a national 
and international scale. It will be concerned with planning and par- 
ticipation in future manned space flight missions; -initiation of a 
planned program of biologic experiments in the upper atmosphere 
and the space environment; administration of a grant and contract 
program in universities, industry, and the military service aerospace 
medical laboratories to support NASA objectives in the life sciences. 
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A Life Sciences Research Center is planned by NASA to attract and 
productively utilize the talents of individuals with outstanding scien- 
tific potential who would form a small but high-quality nucleus of 
capability for leadership and integration of a national program, and 
establish and maintain an appropriate degree of active participation 
with the physical scientists and engineers in the other operating di- 
visions of NASA. The center would concentrate on the programing 
and development of biologic experiments in space, basic medical and 
behavioral sciences, and space-related basic biological research. The 
dimensions and site of the proposed Life Sciences Research Center are 
now under consideration by NASA. 


ORGANIZATION 


The major programs in NASA concerned with biology, medicine, 
and psychology are manned space exploration, and biological in- 
vestigations in the space environment. In the first category is the 
current biomedical effort in Project Mercury. No change in the 
operation of Project Mercury is anticipated. This is the largest cur- 
rent biotechnologic effort. These biomedical activities include the 
development and testing of environmental control systems and per- 
sonal equipment, a training program and simulator experience for 
the seven astronauts, development of instrumentation for physiological 
and environmental monitoring, and stress tolerance studies including 
a series of animal experiments in flight. A program concerned with 
airplane and nahi spacecraft system performance as affected by 
the presence of a pilot in the control system is continuing at the 
Langley, Lewis, and Ames Research Centers. These studies are ac- 
complished in static and dynamic flight simulators on the ground and 
in variable stability experimental aircraft. 


PERSONNEL 


The biomedical personnel concerned with Project Mercury totals 
36. These include four military medical doctors and one milita 
psychologist, all on detached service with NASA. There are 28 engi- 
neers and 3 technicians concerned with this activity. They deal with 
life-support systems, instrumentation for physiological and environ- 
mental monitoring, and animal program for experiments in flight, 
and protective equipment and devices. 

In fiscal year 1961, the Office of Life Science Programs anticipates 
a total personnel complement of 32, of whom 18 [and eventually 60] 
will be professional staff members. This includes a request for two 
individuals on detached service from the Department of Defense. 

The Office is now being organized to carry out the staff functions 
necessary for planning future operations in manned space flight mis- 
sions and biological investigations. 


GRANT AND CONTRACT PROGRAM 


Inasmuch as there is currently represented in NASA limited capa- 
bility in biology, medicine, and psychology aside from Project Mer- 
cury, sponsored research and development through a grant and con- 
tract program in the life sciences is now being carried on with univer- 
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sities and industry. NASA anticipates that desired projects in the 
area of biotechnology as now conducted in the military aerospace 
medical laboratories will be supported by direct transfer of funds 
from NASA to the Defense Department. The amount of such funds 
will be determined after detailed consideration of NASA requirements 
in this area and further review of personnel, facilities, and programs 
in the service installations. 

The grant and contract program of sponsored research and develop- 
ment in the biomedical aspects of Project Mercury for fiscal year 


1960 is funded for $2.18 million. Funding of bioscience research in 
fiscal year 1960 was $1,154,752. 





NASA bioscience research grants and contracts 














Organization, number and Title Cost Starting Ending 
principal investigator date date 
1. Yale University, NsG | Remote detection of bac- $4, 485 | June 1, 1959_......| May 31,1960 
19-59, Dr. W. Vishniac. teria by automatic obser- 
vation of changes in ex- 
posed culture media. 
2. Convair, NASw-50, J.C. | Study of shielding require- 23,730 | June 25, 1959__._.- June 24,1960 
Nance, ments of manned space 
systems: 
3. University of California, | Biclogical systems in inter- 90,000 | Aug. 21, 1959._._.- Aug. 20, 1960 
NTF-74, Dr. C. Tobias. planetary environments. 
4. Mine Safety Appliances | Exploratory study of potas- | 73,386 | July 1, 1959_...._.- June 30,1960 
Research Corp., NASw- sium and sodium super- 
90, Dr. J.W. Mausteller. oxide for oxygen control in 
manned space vehicles. 
5. Electric Boat, NASw-95, | Photosynthetic gasexchang- | 118,421 | Aug. 1, 1959__.._-- July 31,1960 
A. Bialek. er-algal s, stem. 
6. Isomet Corp., NASw-117, | Carbon dioxide dissociation 35,000 | Sept. 15, 1959___... June 15, 1960 
Dr. W. Ruderman. for oxygen. 
7. General Electric, NASw- | Purification of water from 35,000 | Feb. 5, 1960....... Feb. 4,1961 
127, Mr. J. J. Konikoff. biological wastes. 
8. University of Minnesota: 
NASw-70, Dr. A. | Initiate prototype develop- 60,000 | June 1, 1959__._..- May 31, 1960 
Brown. ment for a photosynthetic 
gas exchanger and a non- 
COs waste stabilizer for 
use in space vehicles. 
NsG-78-60, Dr. A. | Initiate prototype develop- | 180,000 | June 1, 1960__..... May 31, 1962 
Brown. ment for a photosynthetic 
gas exchanger and a non- 
COs waste stabilizer for 
use in space _ vehicles. 
Continuation of contract 
in grant form. 
9. University of Maryland, | Investigation of phycophys- | 216, 000 36 months 
NsG 70-60, Dr. R. iology in controlled envi- 
Kraus. ronments. 
10. Mississippi State Univer- | Biochmeical study of mixed 55,345 |......... Ee a 
sity, NsG 80-60, Dr. R. culture prototypes in a 
Tischer. closed ecological system. 
11. Colorado State Univer- | (1) The use of pathogen-free 65, 700 24 months 
sity NsG 78-60, Dr. F. plants in a microcosm; (2) 
B. Salisbury. effects of high intensity 
light on plant growth. 
12. Southwest Research In- contaminants in en- 40,000 12 months. 
stitute, NASw-150, Mr. closed systems. 
McKee. 
13. University of Cincinnati, | Protection against accelera- 71, 000 36 months. 
NsG 75060, Dr. B. tion by immersion during 
Black-Schaeffer hypothermic suspended 
animation. 
14. Columbia University, | The buffering of carbon di- 14, 500 12 months. 
NsG 68-60, Dr. G. oxide in the dog during 
Nahas. prolonged hypercapnia. 
15. Biological Warfare Lab- | Problems of space probe 30,000 | October 1959_--... 
oratory, U.S. Army, sterilization. 
NTF-88, Dr. R. Phillips. 
16. Stanford University, | Cytochemical study of extra- 40, 000 12 months 
we Dr. J. Leder- terrestial organisms. 
rg. 
17. Emory University, | Investigation of the effects 2,185 | Terminated.-..... 


NASw-122, Dr. 
Bourne. 





of space flight condition on 
live frogs and human and 
animal tissue. 
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NASA LIFE SCIENCES COMMITTEE 


The NASA Special Committee on the Life Sciences, chaired by Dr. 
W. Randolph Lovelace II, was organized in November 1958. In this 
group are representatives of the Army, Navy, and Air Force who 
provide liaison and advice for the biomedical aspects of Project 
Mercury. 


Chairman: Dr. W. Randolph Lovelace II, director of the Love- 
lace Foundation for Medical Education and Research, Albuquer- 
que, N. Mex. Members: Capt. Norman L. Barr (MC), Director, 
Astronautical Division, Navy Bureau of Medicine and Surgery, 
Washington, D.C.; Lt. Comdr. John H. Ebersole (MC), medical 
officer, U.S.S. Seawolf, Fleet Post Office, New York, N.Y.; Brig. 
Gen. Don D. Flickinger (MC), Assistant for Bioastronautics, 
Headquarters, Air Research and Development Command, Wash- 
ington, D.C.; Col. Robert H. Holmes (MC), Armed Forces In- 
stitute of Pathology, Washington, D.C.; Dr. Wright H. Langham, 
Los Alamos Scientific Laboratory, Universit of California; Dr. 
Robert B. Livingston, Director of Basic arch in Mental 
Health and Neurological Diseases, National Institutes of Health, 
Bethesda, Md.; and Dr. Orr E. Reynolds, Director of Science, 
Office of the Director of Defense Research and Engineer- 
ing, Washington, D.C. Boyd C. Myers II, NASA headquarters, 
is secretary of the Committee. 


NASA BIOSCIENCE ADVISORY COMMITTEE 


The ad hoe Bioscience Advisory Committee under the chairmanship 
of Dr. Seymour S. Kety was appointed in August 1959 to assess the 
role of the life sciences in the national space program. This Commit- 
tee was dissolved following receipt of its report by the Administrator 
of NASA in January 1960. 


Chairman: Dr. Seymour S. Kety, Director of the Clinical 
Science Laboratory of the National Tnetibutes of Health. Mem- 
bers: Dr. Wallace O. Fenn, professor of physiology, University 
of Rochester; Dr. David R. Goddard, director of the division of 
biology, University of Pennsylvania; Dr. Donald G. Marquis, 
professor of psychology, Massachusetts Institute of Technology; 
Dr. Robert S. Morison, director of natural and medical sciences, 
the Rockefeller Foundation; and Dr. Cornelius A. Tobias, pro- 
fessor of medical physics, University of California. 


COORDINATION WITH OTHER RELATED PROGRAMS 


Coordination of the activities of the NASA Office of Life Sciences 
and the military aerospace medical laboratories was begun on March 
1, 1960, at a meeting in the Department of Defense, Office of Defense 
Research and Engineering, which included: Mr, Richard E. Horner 
Associate Administrator of NASA; Dr. Clark T. Randt, Director o 
the NASA Office of Life Science Programs; Dr. Orr E. Reynolds, 
Director of Science, ODDR&E, Department of Defense; Col. John 
M. Talbot, Chairman of the Technical Advisory Group for Bioastro- 
nautics; and members of the Army, Navy, and Air Force representing 
military aerospace research and aevclonaiant programs. 
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The NASA Office of Life Science Programs plans to participate in 
the Biosciences Information Exchange, managed by the Smithsonian 
Institution. This service provides ready access to titles of current 
research proposals submitted to the Army, Navy, and Air Force, the 
U.S. Atomic Energy Commission, the Veterans’ Administration, the 
U.S. Public Health Service, and the National Science Foundation. 


2. NASA Repuies ro ComMMITTEE QuEsTIONS CoNCERNING Its OFFICE 
or Lire Sctence Programs 


NationaL AERONAUTICS AND SPACE ADMINISTRATION, 
Washington, D.C., April 9, 1960. 


MEMORANDUM FOR THE SENATE CoMMITTER ON AERONAUTICAL 
AND Space Scrences on Fiscat Year 1961 AvutTuort- 
ZATION [From Pp. 3640 or NASA AvrnHorization 
Hearres | 


“1. On March 1, 1960, NASA announced the establishment 
of an Office of Life Science Programs as the fifth major office 
of NASA and the appointment of Clark T. Randt, M.D., 
as its Director. 

“Would you please tell the committee of some of the back- 
ground that served as a basis for the establishment of this 
new Office?” 

In accord with the mandate given the National Aeronautics 
and Space Administration in the Space Act of 1958, that 
“aetivities in space should be devoted to peaceful purposes for 
the benefit of all mankind,” it is appropriate that the study of 
life processes in this new environment should constitute a 
significant part of the total effort. 

Manned space flight and exploration are conceived to utilize 
man’s unique capabilities for selecting and making a wide va- 
riety of unprogramed observations, for his ability to react in- 
telligently to unanticipated situations, and for his resource- 
fulness and manual skill in servicing the complicated mecha- 
nisms of space vehicles in flight. These are indispensable 
contributions to the successful execution of space missions 
and to obtaining maximal scientific information not only re- 
ne to biological problems but to the physical sciences as 
well. 

The lead time for necessary advances in biotechnology 
which include man-machine integration, definition of toler- 
ance of combined environmental stresses, development of life- 
support systems, and provision of adequate protective and 
escape devices requires a continuing vigorous effort. 

Research designed to acquire basic medical and behavioral 
information relevant to meeting the physiological and psycho- 
logical needs for long-term existence and effectiveness in 
stressful, artificial environments will necessitate augmenta- 
tion of investigations in metabolism, respiratory physiology, 
cardiovascular physiology, neurophysiology, and psychology. 

Basic biologic studies concerning the effects of space en- 
vironments on living organisms and the search for extra- 
terrestrial life anticipate investigation of molecular control 
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of cellular activity and of comparative biology on the broad- 
est possible scale. Exposure of living cells and tissues to a 
broad range of ionizing radiation, weightlessness, low pres- 
sures, extremes of temperature, and unusual compositions of 
remote planetary atmospheres and surfaces opens a new 
window for observation of hitherto unexplained biologic 
henomena. This research will bear upon such basic prob- 
ems as the origin of life and the genetic mechanisms of 
evolution which will undoubtedly contribute to a better un- 
derstanding of the fundamental laws of nature. Although 
these studies will be an outgrowth of continuing ground- 
based investigations, the space environment provides a new 
laboratory which cannot be duplicated on earth. 

Recognition of these objectives gave rise to the appoint- 
ment of the Bioscience Advisory Committee by NASA Ad- 
ministrator T. Keith Glennan in July 1959. The membership 
of this Committee was selected on the basis of the generally 
recognized stature of the individuals rather than prior in- 
terest in the national space program. It was chaired by Dr. 
Seymour S. Kety, Director of the Clinical Science Laboratory 
of the National Institutes of Health, and included Dr. Wal- 
lace O. Fenn, professor of physiology, University of Roch- 
ester; Dr. David R. Goddard, director of the Division of 
Biology, University of Pennsylvania; Dr. Donald G. Mar- 
quis, professor of psychology, Massachusetts Institute of 
Technology; Dr. Robert S. Morison, director of natural and 
medical sciences, the Rockefeller Foundation; and Dr. Cor- 
nelius A. Tobias, professor of medical physics, University of 
California. 

The Bioscience Advisory Committee was apprised of aero- 
space medical facilities, programs, and personnel by 17 repre- 
sentatives of the Army, Navy, and Air Force, who compre- 
hensively covered activities in this area. Representatives of 
industry and universities also provided background informa- 
tion for the Committee. Their report was submitted to Dr. 
Glennan on January 25, 1960, and its contents are now avail- 
able to all those who are interested in this phase of the space 
program. This document reflects the considered opinion of 
six eminent individuals regarding the role of biology, medi- 
cine, and psychology in the NASA program. The recom- 
mendations have provided overall guide lines for the Office 
of Life Science Programs, which will be useful in further 
planning and development of the life science programs. 

The Committee was well aware of the excellent contribu- 
tions being made by the military aviation medical labora- 
tories and the desirability of avoiding unnecessary duplica- 
tion in this area. Important as the aviation medical contribu- 
tions have been and will continue to be, additional opportu- 
nities in biology, medicine, and psychology are being pre- 
sented in these fields related to the expanding space effort on a 
long-range basis. It is the purpose of the NASA Office of 
Life Science Programs to augment the outstanding work of 
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the military aerospace laboratories in order to provide basic 
contributions in space exploration. 

Manned space exploration brings to the fore new prob- 
lems which are essentially different and of another order of 
magnitude than those of conventional high altitude-high 
speed flight. The effects of ionizing radiation, weightless- 
ness, and long-duration existence in an isolated, confining, 
artificial environment will require further mobilization of 
the talents of those who can contribute in the medical schools, 
industry, and other Government agencies as well as in the 
military services. To the greatest practicable extent, it is the 
intention of NASA to utilize the personnel and facilities of 
groups qualified by training and experience to contribute in 
these areas of research. 

Basic biologic studies of the effects of space and other plane- 
tary environments on plant and onliaak life, as well as the 
search for extraterrestrial living organisms, are very prom- 
ising sources of important scientific information. These 
studies represent a penetration into fields of research in 
addition to those which have been or would be explored in 
depth by the military services in satisfaction of a military 
requirement. Here again, however, contributions will be 
sought from qualified groups of professional men wherever 
they may be found. 

In order to attract and productively utilize the talents of 
individuals with outstanding scientific potential who will 
form a small but high-quality nucleus of capability for lead- 
ership and integration of a national program, it is essential 
that an inhouse facility be developed. Although it is antici- 
pated that the major portion of the NASA life science pro- 
grams will be conducted through grants and contracts with 
universities, industry, and the military services, individuals of 
sufficient stature and a full-time interest will be indispensable 
in establishing and maintaining an appropriate degree of 
active participation with the physical scientists and engineers 
in the other operating divisions of NASA. A new facility 
in which this personnel complement will productively’ pursue 
their relevant interests will concentrate on the programin 
and development of biological experiments in space, medica 
and behavioral sciences, and basic biological research. This 
emphasis will assure no conflict of interest with the existing 
Aerospace Medical Laboratory’s outstanding competence in 
biotechnology. 

The NASA Office of Life Science Programs has already 
established liaison with the military efforts in this field 
through the Office of Defense Research and Engineering in 
the Department of Defense. Triservice representation in 
bioastronautics has been brought together in this Office under 
the Director of Science for joint consideration of future plans 
and transfer of funds, when necessary, to directly support ap- 
propriate proposals from the Army, Navy, and Air Force. 

The NASA Office of Life Science Programs has been estab- 


lished to provide a focal point for activities in this area on 
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a national and international scale. It is the well-defined pur- 
pose of the Office to augment desired current programs and 
to supply the impetus for further life sciences contributions 
in space exploration. 

“2. What specifically are NASA’s future plans for its new 
Office of Life Scence Programs in terms of staff size, budget 
amounts, and programs to be undertaken directly or spon- 
sored ¢” 

In fiscal year 1961, the Office of Life Science Programs 
anticipates a total personnel complement of 32, of whom 
18 will be professional staff members. It is planned to con- 
duct the program at a $5 million level. 

The Office of Life Science Programs will be concerned 
with studies and detailed planning of the biomedical aspects 
of future manned space flight missions. A program of biol- 
ogical experiments in the upper atmosphere and space will 
be started. Funding of $3 million is anticipated for these 
efforts. A grant and contract program in support of these 
projects will be administered with the $2 million allocated 
for NASA sponsorship of bioscience research, as shown on 
page 146 of the authorization justification book. A Life 
Sciences Research Center for Flight Medicine and Biology, 
Space Medical and Behavioral Sciences, and Space Biology 
will be planned. It is not anticipated that this proposed 
facility will duplicate the biotechnological capability now 
present in the military service laboratories. 

“3. On page 144 of the NASA authorization request. justi- 
fication book it is noted that the amount being requested for 
research grants and contracts in fiscal year 1961 is $10 
million. 

“How much of this amount. will be devoted to research 
grants and contracts in bioscience, which is one of the cate- 
gories that will be included in the program, as is indicated on 
page 145 of the book?” 

Of the $10 million requested for NASA research grants 
and contracts, $2 million will be allocated for NASA spon- 
sorship of bioscience research, as shown on page 146, and 
explained under question 2. 

“4. In testimony before the House Committee on Science 
and Astronautics on March 9, 1960, Dr. Dryden said with 
reference to NASA use of military biomedical facilities: 
‘* * * we are going to continue to use the service labora- 
tories. The estimate is that three-quarters of our effort in 
this field will always be in the universities and service 
laboratories.’ 

“Would you please indicate to the committee how much, 
if any, of such funds in NASA’s authorization request for 
fiscal year 1961 will be transferred to the Department of De- 
fense for NASA work performed in service biomedical 
laboratories on a reimbursable basis?” 

The amount to be transferred to the Department of De- 
fense for NASA work performed in service biomedical labo- 
ratories is anticipated to be a significant fraction of the total 
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funding of the Office of Life Science Programs. <A specific 
amount will require more detailed consideration of NASA 
requirements in this area and further review of personnel, 
facilities, and programs now present in the service 
installations. 

“5. On page 5 of the report of the NASA Bioscience Ad- 
visory Committee, the so-called Kety report which served as 
the basis for NASA establishing an Office of Life Science 
Programs, the following statement is made: ‘Supporting 
medical research and development in applied medicine and 
biology is being carried out in existing military aviation 
medicine facilities. Among 40 service biomedical labora- 
tories 15 have noteworthy bioastronautics capabilities. The 
cost of these facilities is roughly estimated to be about $80 
million. The 1960 Department of Defense budget for life 
sciences research and development is $47 million, including 
approximately $10 million for bioastronautics.’ Does NASA 
plan to neglect or make use of these existing military facili- 
ties in its future long-range life sciences programs? How 
will this be done?” 

The NASA intends to make use of the existing military 
facilities in its future long-range life sciences programs by 
direct transfer of funds in support of appropriate projects. 
The means for coordinating such activity was initiated at a 
meeting in the Office of the Director of Defense Research 
and Engineering of the Department of Defense on March 
1, 1960. Mr. Richard E. Horner, Associate Administrator 
of NASA, and Dr. Clark T. Randt, Director of the NASA 
Office of Life Science Programs met with Dr. Orr E. Rey- 
nolds, Director of Science, Col. John M. Talbot, Chairman 
of the Technical Advisory Group for Bioastronauties, and 
members from the Army, Navy, and Air Force, representing 
the Department of Defense. 

“6. NASA has frequently acknowledged publicly the valu- 
able assistance the military biomedical facilities and person- 
nel are giving in support of Project Mercury. 

“(a) What proportion of Project Mercury’s biomedical 
requirements are being supplied by the Defense Department? 

“(b) Would the undertaking of Project Mercury have 
been possible without biomedical support by the military? 

m (e) Has the Defense Department been reimbursed for the 
substantial facilities and personnel it has committed to 
Project Mercury, except for travel expenses and other minor 
costs. What major reimbursements have been made?” 

(a) Almost all of the biomedical requirements of Project 
Mercury have been supplied by the Department of Defense. 
This assistance has been in the form of direct assignment of 
military personnel to NASA’s Space Task Group and in mak- 
ing available facilities and other personnel for consultation 
and support. Typical facilities include the Navy centrifuge 
at Johnsville, Pa., and the Air Force facilities for nutrition, 
biophysics, and physiology at the Wright Air Development 
Division; the high-speed track and vivarium at the Aero- 











SPACE RESEARCH IN THE LIFE SCIENCES 


medical Field Laboratory at Holloman Air Force Base, and 
the facilities at the Aero-space Medical Laboratory at Brooks 
Air Force Base. 

In addition to the DOD-furnished equipment, other Mer- 
cury biomedical requirements are being supplied by NASA 
and its contractors. Specific examples include all the bio- 
medical equipment within the Mercury capsule and at Mer- 
nr ground network stations. 

(6) The undertaking of Project Mercury would have been 
substantially more costly and its operation may possibly have 
been delayed without biomedical support by the military 
services. 

(c) The Department of Defense has been reimbursed for 
special equipment at the various military biomedical labora- 
tories, for travel expenses, and for the salaries of medical 
personnel detailed to work directly within the NASA organi- 
zation. Major reimbursements to the military include $25,000 
to the Navy for pressure suits and $75,000 to the Air Force 
for support of the Mercury animal-training program. 

“7. If in the future the military biomedical programs com- 
mit substantial proportions of personnel and facilities to 
NASA without adequate reimbursement for such assistance, 
do you feel that the Defense Departnient should be able to 
justify the existence of its biomedical facilities in part on 
such work that it performs for NASA ?” 

It is the intent of NASA and the Department of Defense 
to coordinate the support of much of the work that will be 
mutually useful; however, NASA will reimburse the Depart- 
ment of Defense for those programs carried out in the mili- 
tary biomedical laboratories which are specifically for NASA 
programs. Therefore, the need to justify the existence of 
military biomedical facilities on the basis of work performed 
for NASA should not arise. 

“8. In fiscal year 1959, the National Science Foundation’s 
annual obligation in support of basic research in the bio- 
logical and medical sciences was about $20 million, and 
about $3 million for research facilities in the biological and 
medical sciences. Additional millions were spent through 
grant and fellowship programs. Other Government agen- 
cies spend substantial amounts every year in this very worth- 
while area. 

“One of the recommendations of the Kety report, the re- 
port of NASA’s Bioscience Advisory Committee, was the 
following: 


“*That the Office of Life Science Programs assume 
proper responsibility for education and training in the 
space-oriented life sciences through postgraduate fellow- 
ships, training grants to institutions, and short-term 
visiting scientist appointments to be integrated with 
other NASA efforts in this area.’ 


“In view of the extensive programs already being carried 
out by Government agencies in this area, what specific 
plans does NASA have for the establishment of sound mecha- 


A AOS. SE Re RT ns 


a ee 


ere eres noe eee 





ae 


SPACE RESEARCH IN THE LIFE SCIENCES 37 


nisms for coordination with other Government agencies hav- 
ing related programs of support involving grants, fellow- 
ships, and basic research, so that research results can be made 
known and utilized to the maximum extent possible?” 

Planning for coordination of life science research and 
training programs is recognized as being highly desirable. 
As a first step, the NASA Office of Life Sciences will partici- 
pate in the Bioscience Information Exchange which now 
provides service to the Army, Navy, and Air Force, the U.S. 
Atomic Energy Commission, the Veterans’ Administration, 
the U.S. Public Health Service, and the National Science 
Foundation. 

NASA recognizes a unique role in providing educational 
opportunities for life scientists as well as physical scientists 
in space exploration as well as the need to stimulate interest 
and accomplishment in studies of this newly opened environ- 
ment by scientists now concerned in related fields of en- 
deavor. 

“9. What coordinating groups now exist and what groups 
are planned for the future to insure that NASA coordinates 
the operations of its Office of Life Science Programs with 
related programs in governmental and nongovernmental 
organizations?” 

Except for the previously mentioned coordinating Tech- 
nical Advisory Group for Bioastronautics in the Department 
of Defense, other liaison groups are now in the planning 
stage. 


3. Report or Nationa, AERONAUTICS AND Space ADMINISTRATION 
Bioscience Apvisory CoMMITTEE, JANUARY 25, 1960 
* % * * * * * 


(A Bioscience Advisory Committee was appointed by NASA 
Administrator T. Keith Glennan in August 1959 and given responsi- 
bility for (1) studying U.S. capability in space-oriented life science 
research and development, (2) outlining the scope of current and 
future problem areas in the space bioscience field, and (3). recommend- 
ing the role NASA should play in future bioscience activity. 

(Because of the significance of the report of the NASA Bioscience 
Advisory Committee, as well as the fact that it contains a basic source 
of information about NASA’s concept of its future activities in the life 
sciences, it is reprinted in its entirety as follows through p. 58.) 

* * * * * * * 


Wallace O. Fenn, Ph, D. 

David R. Goddard, Ph. D. 

Seymour S. Kety, M.D., Chairman 

Donald G. Marquis, Ph. D. 

Robert S. Morison, M.D. 

Clark T. Randt, M.D. Executive Secretary 
Cornelius A, Tobias, Ph. D. 
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“SUMMARY AND RECOMMENDATIONS” 


The role of the life sciences in the National Aeronautics and Space 
Administration program was evaluated by the Bioscience Advisory 
Committee at the request of the Administrator. 

The objectives of space research in the life sciences are twofold: 
(1) Investigation of the effects of extraterrestrial environments on 
living organisms, including the search for extraterrestrial life; (2) 
scientific and technologic advances related to manned space flight 
and exploration. 

The same reasons which prompted the establishment of NASA and 
gave it responsibility for all space research and development devoted 
to peaceful purposes require that NASA assume responsibility for 
leadership, coordination, and operation of the biomedical aspects of 
the national space program, 

Present and future needs were considered in three broad categories : 

1. Basic biologic effects of extraterrestrial environments, with 
particular emphasis on those phenomena associated with weightless- 
ness, ionizing radiation, and alterations in life rhythms or periodicity 
as well as the identification of complex organic or other molecules in 
planetary atmospheres and surfaces which might be precursors or 
evidence of extraterrestrial life. 

2. Applied or technologie aspects of medicine and biology as they 
relate to manned space flight, including the effects of weightlessness 
on human performance, radiation hazards, tolerance of force stresses, 
and maintenance of life-sustaining artificial environments. 

3. Medical and behavioral scientific problems concerned with more 
fundamental investigation of metabolism, nutrition, blood circula- 
tion, respiration, and the nervous system control of bodily functions 
and performance in space equivalent situations. 

The Bioscience Advisory Committee makes the following recom- 
mendations: 

1. That NASA establish an Office of Life Sciences having the 
responsibility and authority for planning, organizing, and operating 
a life sciences program including intramural and extramural research, 
development, and training. 

2. That a Director of Life Sciences be appointed who is directly 
responsible to the Administrator of NASA in the same manner and 
at the same directional level as the other program directors. 

3. That the internal organization of the Office of Life Sciences 
include Assistant Directors for Basic Biology, Applied Medicine and 
Biology, Medical and Behavioral Sciences, and the life sciences extra- 
mural program. 

4. That an intramural life sciences program and facility be estab- 
lished with three sections: 

(a) Basic biology. 
(b) Applied medicine and biology. 
(c) Medical and behavioral sciences. 

5. That the Director of Life Sciences recommend advisory com- 
mittees made up of consultants outside of NASA to be appointed by 
the Administrator. 

6. That maximum integration of the personnel and facilities appli- 
cable to the space-oriented life sciences in the military services and 
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other Government agencies be arranged in the most appropriate man- 
ner indicated by the nature and extent of the specific problem at hand. 

7. That the Office of Life Sciences assume proper responsibility for 
education and training in the space-oriented life sciences through 
postgraduate fellowships, training grants to institutions, and short- 
term visiting scientist appointments to be integrated with other 
NASA efforts in this area. 

8. That the NASA life sciences program place special emphasis 
on the free exchange of scientific findings, information, and criticism 
among all scientists. 

9. That security regulations be exercised with great caution and 
limited to matters in which national security is clearly involved. 

10. That the NASA life sciences facilities be considered a public 
trust in implementing national and international cooperative efforts. 


“T. Tue Rowe or THe Lire ScrencEs IN THE NATIONAL SPAcE Errorr” 


The Congress of the United States has given to the National Aero- 
nautics and Space Administration the responsibility for all space 
research and development devoted to peaceful purposes. NASA 
has begun the fulfillment of this responsibility with an emphasis on 
the physical and engineering sciences which oceupy a fundamental 
position by virtue of their pertinence to the design, launching and 
control of all vehicles, whatever their ultimate scientific purpose. 
With this aspect of the total program well under way, attention is 
properly being directed to other disciplines which, though depend- 
ent on the engineering sciences, will in turn give scientific meaning 
to the national effort. The biological, medical, and behavioral sciences 
are among these disciplines. The Bioscience Advisory Committee has 
been appointed to aid in representing them adequately within the 
NASA program. 

The reasons which prompted the Congress to create NASA as a 
civilian space agency and to give it responsibility for achieving the 
peaceful purpose of the national effort in space argue equally strongly 
for the creation in NASA of a strong division of life sciences. 
set forth below, two major areas represent the role of the biological 
sciences in the national space effort and should form the core of the 
proposed program in the life sciences of NASA. These are the funda- 
mental biological questions relative to extraterrestrial environments 
and the scientific and technologic aspects of manned space flight. 

It is altogether fitting that these matters, both of which involve 
man’s curiosity about himself and his environment in their broadest 
and most fundamental sense, should be placed in the hands of an 
agency broadly representative of society as a whole. The military 
agencies which have so soundly laid the groundwork for much of 
existing space technology must properly give primary attention to the 
development of weapons systems and the national defense. Although 
the military effort in astronautics should not. be arbitrarily restricted 
by narrow definitions of military relevance, the broader implications 
of extraterrestrial exploration demand the attention of an organi- 
zation unhampered by such predetermined objectives. 

Space exploration has captured the imagination of men the world 
over to an extent which was not, perhaps, anticipated. These activi- 
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ties have become representative of technological superiority among 
nations. The United States must maintain its international role as 
a strong and self-confident but basically peaceful and benevolent 
power. This requires that the first of her citizens who enter space do 
so as representatives of the scientific aspirations of all men and not 
as a symbol of military strength. 

The basic study of extraterrestrial environments is ultimately likely 
to be most productive in furthering an understanding of the funda- 
mental laws of nature. Among the most perplexing questions which 
have challenged men’s minds are the nature and origin of life and the 
possibility of its presence elsewhere in the universe than on the Earth 
alone. For the first time in history, partial answers to these questions 
are within reach, Limited knowledge acquired over the past century 
concerning atmospheric and climatic conditions on other planets, 
the topographical and seasonal variety in color of the surface of Mars, 
the spectroscopic similarities between scattered sunlight from portions 
of that planet and those demonstrable from algae and lichens on 
Earth have suggested the presence of extraterrestrial environments 
suitable for life and permitted the formulation of hypotheses for the 
existence there of some forms of life at present or in the past. These 
hypotheses may, within the foreseeable future, be tested, at first im- 
directly by astronomical observations made beyond the interference 
of the Earth’s atmosphere and by samplings taken mechanically from 
various celestial bodies, and finally, by direct human exploration. The 
discovery of extraterrestrial life and a description of its various forms, 
knowledge of the presence and types of complex molecules based on 
carbon or other elements, or conversely, the absence of living organ- 
isms or of their traces in environments conducive to life will have 
important implications toward an ultimate understanding of biologi- 
cal phenomena. 

These studies will not be complete until the scientist himself is 
able to make meticulous investigations on the spot. This is true, not 
only for the biological, but, also, for many other physsical, chemical, 
and geological problems which are involved. Although significant 
engineering achievements in automation, sensing, recording, program- 
ing and telemetering have been realized and considerable future de- 
velopment is in prospect, the indispensability of the human observer 
in much of space exploration is well established. Man’s versatility and 
selectivity, his ability to perceive the significance of unexpected and 
unprogramed findings or to react intelligently to unanticipated 
situations have not been simulated by any combination of physical de- 
vices, however complex, which have been developed or are even con- 
templated. Human intelligence and manual skill in servicing the 
complicated mechanisms of space vehicles or repairing breakdowns in 
flight are not readily dispensed with or replaced. When along with 
these attributes are considered his weight of 70 kilograms, his total 
resting power requirements of 100 watts, his ability to function for 
years without maintenance or breakdown, then even the most elaborate 
provisions for his sustenance, welfare, and safety are amply justified 
simply in terms of engineering efficiency. A national program in 
space science which does vot recognize the essentiality of the human 
observer and does not plan to utilize him most effectively may wait 
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indefinitely for the automatic devices to replace him or be limited to 
incomplete and opportunistic observations. 

Putting a man into space, especially if he is to stay for long periods, 
is a task which involves considerable attention and effort from a wide 
variety of biological, psychological, and medical specialties. It will 
require careful planning and extensive basic and developmental re- 
search. Together with the effort in astrobiology it should constitute a 
substantial part of the total space research and development enter- 

rise. 
Y It comes as no surprise to find that the early stages of space research 
have been primarily concerned with engineering matters. To many 
responsible people it seems premature if not actually presumptuous 
to think about what man will do in space until we are sure that we can 
actually put him there. But the validity of even the earliest of engi- 
neering Seaciecareh must be continually appraised in terms of their 
capacity to maintain man comfortably and effectively in space and 
increase his knowledge of its properties. Failure to meet the numer- 
ous and often subtle physlolegibel and psychological needs of the 
human organism, or premature decisions to send man off into an un- 
known universe can have disastrous effects not only on the individuals 
concerned, but on the Nation’s political and moral position in the eyes 
of the world. The scientific objectives of the program and especially 
the determination of the nature of extraterrestrial life may be 
forever rendered impossible if vehicles containing complex organic 
molecules are carelessly allowed to contaminate celestial bodies before 
science has had a chance to study the original conditions. Nor can 
we simply ignore the perhaps remote possibility that infective or- 
ganisms brought back dren space to Earth may cause human disease 
or destroy food crops essential to human life. How is the necessary 
biological wisdom to be brought to bear in planning the space effort ? 

As pointed out later in this report, the Nation’s best scientific 
brains are already organized in the form of advisory committees to 
study and consult on every detail of the space problem. However, 
such outside bodies, no matter how soundly constituted, cannot have 
effective impact on day-to-day decisions within the space agency unless 
the agency itself is provided with a sensitive and powerful adminis- 
trative mechanism for receiving the advice and translating it into the 
energy of decision. 

To implement this program in the life sciences, appropriate in size 
and importance to its responsibilities, it is essential to have in NASA 
a Director of Life Sciences reporting directly to the Administrator of 
NASA so that the hisenbaiioal: tntuetetp and skills will have adequate 
representation in important decisions. The director of the life 
sciences program, therefore, must have broad biological training and 
interests. He must be able to understand the physicists and engineers 
as well as have the ability to present biomedical aspects of combined 
problem areas effectively to his colleagues so that he can have appro- 
priate influence on comprehensive policies and decisions. 

_ These reasons compel the committee to emphasize that the NASA 
life sciences program requires and deserves strong financial support 
and adequate administrative representation. 
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II 
“a PRESENT STATUS OF LIFE SCIENCES ACTIVITIES” 


The present status of activities in the space-oriented life sciences 
may be considered under the general headings of: Basic biology; 
medical and behavioral sciences; and applied medicine and biology. 
Current activities are predominantly in the third category which 
includes research and development in manned space flight technology 
for five major programs: 

(a) The NASA-Air Force-Navy X-15 rocket-powered research 
aircraft project begun in 1954 utilizes a “near space’ vehicle expected 
to reach altitudes of about 100 miles. The first powered flight to 
approximately 60,000 feet has recently been accomplished. 

(6) Project Mercury was organized by NASA in October 1958 to 
(1) place a manned space capsule in orbital flight around the earth; 
(2) investigate man’s reactions and capabilities in this environment ; 
and (3) recover the capsule and pilot safely. The NASA Space Task 
Group responsible for Project Mercury includes military medical 
personnel and pilots on temporary duty with NASA at Langley 
Research Center. 

(c) The Air Force Discoverer Project is concerned with recover- 
able polar orbiting Earth satellites, one of which contained mice, and 
later, will include monkeys to test life support systems and the effects 
of space flight on animals as well as testing techniques for recovery 
of the capsule and occupants. 

(d) Contracts have been let recently by the Air Force to imple- 
ment the Dyna-Soar program for development of a manned maneu- 
verable boost glide vehicle to explore hypersonic performance up to 
orbital speeds and to investigate the accompanying reentry problems. 

(e) Supporting medical research and development in applied med- 
icine and biology is being carried out in existing military aviation 
medical facilities. Among 40 service biomedical laboratories, 15 have 
noteworthy bioastronautics capabilities. The cost of these facilities 
is roughly estimated to be about $80 million. The 1960 Department 
of Defense budget for life sciences research and development is $47 
million, including approximately $10 million for bioastronautics. 
The NASA research centers are continuing studies utilizing fixed 
base flight simulators and variable stability aircraft to further delin- 
eate man’s function in aircraft operating problems. Several dynamic 
flight simulators capable of reproducing some portions of space flight 
mission profiles are now being developed at the Langley and Ames 
Research Centers. Biomedical participation in these projects is, at 
present, insufficient. The larger aircraft companies are investing sev- 
eral million dollars in space flight technology this year. The latter 
effort is mainly concerned with bioengineering and technical develop- 
ment. 

In addition to the considerable amount of work specifically designed 
to solve recognized biotechnical problems connected with space flight, 
there is an even larger amount of work which although nominally 
carried on for other purposes contributes to the field of space medical 
and behavioral science. One may cite, for example, those studies now 
being carried out in universities, medical schools, the National Insti- 
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tutes of Health and under the auspices of the Atomic Energy Com- 
mission dealing with physical stress, including ionizing radiation; 
environmental physiology; and behavior. 

In contrast to the large amount of work bearing on practical prob- 
lems of space medicine, space-oriented basic biological research has 
received little attention to date. <A relatively small group of univer- 
sity biochemists and biophysicists have recognized that space explora- 
tion offers a unique opportunity to study the origin of life and the 
effects of extraterrestrial environments on living organisms and they 
have tried to formulate some definite plans for appropriate research. 


“B, ADVISORY COMMITTEES FOR SPACE-ORIENTED LIFE SCIENCES” 


Senior representatives of the Army, Navy, and Air Force recom- 
mended late in 1957 that the National Academy of Sciences provide, 
through the National Research Council, an advisory committee in the 
life sciences covering all biological and psychological fields of interest 
in the space environment. This led to the establishment of the Armed 
Forces-National Research Council Committee on Bio-Astronautics 
under the Division of Medical Sciences of the National Academy of 
Sciences. Dr. Otto Schmitt was appointed chairman. This group 
includes 180 individuals from civilian institutions, the military serv- 
ices, and Government agencies. The Committee on Bio-Astronautics 
is more comprehensively represented in the man-in-space problem 
areas although there is considerable basic biologic representation as 
well. 

Dr. W. Randolph Lovelace II, was appointed chairman of the 
NASA Special Committee on the Life Sciences by Dr. Glennan in 
October 1958. Its role has been essentially that of an advisory panel 
for Project Mercury. 

The Space Science Board of the National Academy of Sciences 
was established in 1958. Of the 12 committees of this Board, only 
1 has particular relevance in the biological area, the Committee on 
Psychological and Biological Research. Dr. H. K. Hartline is chair- 
man of this Committee which has expressed general interest in the 
man-in-space program but has found its principal concern in basic 
biology, particularly the areas related to problems of extraterrestrial 
contamination and the detection of extraterrestrial life. To focus 
attention of biologists on these problems, Dr. Hartline’s committee 
joined with the long-range planning committee of the Space Science 
Board to set up two additional groups designated EASTEX and 
WESTEX, chaired by Dr. Bruno Rossi and Dr. Joshua Lederberg, 
respectively. 'The names of these latter two committees derive from 
a committee (CETEX), established by the International Council of 
Scientific Unions to explore problems of extraterrestrial contamina- 
tion. 

The functions of this latter organization have now been absorbed 
by the Committee on Space Research (COSPAR) within the Inter- 
national Council of Scientific Unions. 

_ Liaison between these planning and advisory groups has been estab- 
lished by appointing a number of individuals as members of two or 
more groups. The effectiveness of these committees has been limited 
by the lack of an overall operational life sciences program which 
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would implement the suggestions of the committees to make the best 
use of the unprecedented opportunities provided by space exploration. 


“TIT. Present NEeps” 
(a) Basie biology 

In order to attain overall objectives in the space-oriented life 
sciences, an imaginative and long-range program in the broad field of 
astrobiology is required. This should include the further development 
of hypotheses relating to the origin of complex organic molecules and 
of living matter, further observation, both from the earth and from 
artificial satellites, of the surface environments of neighboring celes- 
tial bodies, studies on the adaptive effects of simulated extraterrestrial 
environments on various forms of life in successive generations, the 
study of meteorites and “cosmic dust,” and, eventually, the exploration 
by man of lunar and planetary surfaces for complex molecules, organic 
substances, or evidence of forms of life. Indeed, one of the most im- 
portant justifications for an extensive effort in space exploration is the 
promise which it offers of substantial advance in our understanding 
of these basic problems in biology and astrophysics. From this point 
of view the biomedical and engineering task of achieving human space 
travel is but a means to that end. 

With this in mind, a program should be initiated shortly and pro- 
jected indefinitely into the future in which a significant number of 
payloads would be dedicated primarily to biomedical purposes. These 
should be engineered from their inception with biological purposes 
in mind as opposed to the present opportunistic “space available”— 
“noninterference” provision. The payloads ihowid’ be engineered to 
biological specifications. The trajectory should be carefully chosen 
for each experiment with regard to specific biological objectives. All 
worthy experimental investigations proposed by members of the scien- 
tific community should be given consideration for available biomedical 
payloads. 

(b) Applied medicine and biology 

The present program in this area appears to be centered on Project 
Mercury, the aim of which is to put a man safely into space for 
several orbital flights about the Earth before return and POAaTART 
There is need that this worthwhile phase of space research and devel- 
opment be adequately supported, but also that it be integrated with 
proper perspective into a long-range biomedical program with 
respect to its scientific objectives, its timing, and its budgeting. For 
reasons which have been outlined earlier in this report, the Committee 
believes that human observers, properly trained in the appropriate 
scientific disciplines, are indispensable components of space research. 
Project Mercury, by marshaling a wealth of engineering and bio- 
medical effort on one step toward that goal, is fulfilling an important 
and necessary first objective. This project also has certain values in 
terms of technical and scientific achievement and prestige on a na- 
tional and international scale. It is even more important that the 
thought and effort which have been devoted to questions of human 
safety be continued and emphasized; that the peaceful scientific ob- 
jectives be clearly delineated, augmented, and stressed ; that attention 
be given to increasing the scientific information to be obtained from 
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the project; and that these data be made widely available in order 
that this great effort be perceived as a sober scientific mission rather 
than a tour de force. 

Problems relevant to manned space flight which require and are 
presently receiving attention are many in number. Several major 
groups are discussed below, and a summary of the various problem 
areas in various disciplines which are relevant to space bioscience is 
given in table I. 

1. Weightlessness.—The effect of weightlessness is an unusual one 
in that its simulation for prolonged periods can only be achieved in 
satellites or spaceships. A number of consequences are possible. 
Certain physical properties of matter in the solid, liquid, and vapor 
states may be significantly affected. The method of heat convection 
and diffusion may be radically altered. It is possible that intracellu- 
lar events could occur in different time sequence. Plants and other 
living forms, which normally grow against gravity, may take on 
peculiar morphological characteristics. Many physiological variables 
may undergo change; for example, denteh and cardiac function, 
circulation, and metabolism. The sensory basis for normal bodily 
orientation will be profoundly altered. The effects of gravity-free 
states and various low-gravity conditions should be investigated in a 
variety of living forms in satellites on both short and long flights. 

2. Force stresses—In space flight, many mechanical factors and 
forces occur that are encountered only in small measure at ground 
level. Great forces pin down the astronaut during initial accelera- 
tion and reentry as well as during emergency escape. Spinning, 
tumbling, vibration, and noise present environmental stresses whic 
require further study. The Armed Forces laboratories have made 
significant advances in studies of the physiological effects of such 
forces, but further information could be provided by new centrifuges 
and other simulators with more degrees of freedom of motion and 
combinations of stresses. 

3. Radiation—Radiation in space presents a great challenge to 
physical as well as biological scientists. There are intense adit Cink 
fully explored radiation belts in the magnetic field surrounding the 
Earth. In addition, many particles arrive on the surface of the Earth 
from space and from the Sun. Some of these have not as yet been 
fully explored, and only part of the radiation spectrum has been re- 
vandaoan at ground level in accelerators to date. Among the cosmic 
radiations, there are large streams of the nuclei of light and heavy 
atoms which can produce untoward biological effects, Their study, 
utilizing the tools of radiobiology, will provide more information 
about living processes. Such studies should include additional phys- 
ical measurements and biological assay of the radiations in space, 
their simulation at ground level, and, finally, direct experiments on 
living material of all types in statellites to provide quantitative em- 
pirical information on various biological effects not only on im- 
mediate metabolism and function but also on survival, longevity, 
carcinogenesis, and mutations. 

4. Closed environment.—If man is to explore space, he will need to 
live in the closed and isolated environments of the space vehicles 
and stations. Even after the first landings on planets, he will 
probably have to be constantly maintained in an artificial environ- 
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ment compatible with functional effectiveness as well as survival. 
Storage and supply of oxygen, water, and nutrients and the disposal 
of carbon dioxide and wastes are problems to which a number of 
partially satisfactory solutions have already been obtained. For long- 
term missions, biological or chemical systems for regenerating the 
essential requirements of human metabolism from its products are 
presently in the early stages of development. Certain psychological 
concomitants of confinement, isolation, and diminution of sensory in- 
put are of far-reaching consequences and their investigation is rela- 
tively new. 

Because many of these problems are also encountered in present 
military operations most of the recent and current progress in these 
areas has come from the armed services. 

5. Changes in ambient time cycles—On Earth, living organisms 
are geared to a 24-hour cycle. It is possible to detect diurnal peri- 
odicity in most biological variables. Spaceships or planetary sta- 
tions will provide entirely different periods to which the organism 
will adjust with varying degrees of success. The problems of physio- 
logical and psychological adaptation are broad ones which can be 
studied in terrestrial as well as extraterrestrial laboratories. 

6. Towicity and contamination.—Biologists and medical scientists 
are interested in contamination carried by us into space, in the form 
of viruses and micro-organisms, as radieactive matter when reactor 
or nuclear explosions occur, or in the form of chemical compounds 
which might profoundly modify our own atmosphere to the extent 
that they become health hazards. The polonium battery and fluorine- 
containing rocket fuels are examples of gravely toxic materials. 
NASA should maintain a competent staff to deal with such health 
hazards, and future engineering planning should be subject to critical 
review and necessary limitations for public health protection. 

In closed space vehicles, atmospheric contaminants ordinarily of 


negligible importance may achieve toxic concentrations and require 
special attention. 


(c) Basic medical and behavioral sciences 


Solutions to immediate, practical problems such as those exemplified 
above depend upon a broad base of information obtained in more 
fundamental aspects of medicine and behavioral sciences. Although 
much of that information is being accumulated in the course of the ex- 
tensive research in these fields in universities and medical institutions, 
the needs of space science are especially dependent upon a number 
of specific areas, examples of which may be outlined as follows: 

1. Respiratory physiology—including the control mechanics, 
and physical chemistry of mammalian respiration; gaseous dif- 
fusion and exchange; effects of alterations in ambient conditions 
of pressure and temperature. 

2. Circulatory physiology—including circulatory reflexes, the 
control of the circulation, its response to gravitational and accel- 
erative stress, to alterations in oxygen and carbon dioxide tensions 
and temperature change. 

3. Metabolism—including energetics, nutrition, hibernation, 
digestion, excretion. 

4. Neurophysiology 





including postural and righting reflexes, 


physiology of vision, audition, proprioception, and orientation ; 
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central control of metabolism, temperature, endocrines, circula- 
tion, and respiration; circulation and metabolism of brain. 

5. Behavioral science—including perception, motivation, and 
performance under stress, emotional stability, fatigue, social and 
sensory isolation, psychological assessment and training for special 




















mISSions. 
TABLE I.—Problem areas in the life sciences 
Extraterrestrial life Stress factors | Radiation | Closed environments 
pret ' 5 ba bic e f 
1. Interplanetary matter. 2: Compression-decom- | 1. Microwaves. | 1, Photosynthesis. 
2. Planetary atmospheres. | pression, | 2. Infrared. } 2. Chemical oxygen-car- 
3. Moleeular composition | 2. Acceleration. | 3. Visible. bon dioxide exchange. 
on planets. 3. Weightlessness. 4. Ultraviolet. 3. Control of closed at- 
4, Unknown forms of life. 4. Spin and tumbling. | 5. X-rays. mospheres. 
5. Extinct life. 5. Vibration-shock. | 6. Van Allen belt. | 4. Nutrition. 
6. Primordial life. 6. Noise. 7. Cosmic rays. 5. Temperature-pressure. 
7. Planetary systemsinthe| 7. Dust particles and | 8. Nuclear power | 6. Clothing. 
universe. meteorites. and propul-| 7. Water balance. 
8. Terrestrial life on differ- | 8. Isolation, confinement, sion devices. | 8. Waste products. 
ent planetary environ- and fatigue. 9. Toxicity. 
ments, 9. Optimum mechanical | 10. Microbial flora. 
9. Biological cross contam- integration of sys- 11. Theoretical stability. 
ination. tems in manned sat- | 12, Energy balance. 
0. Chemical contamina- | ellite stations. 13. Hibernation—sus- 
tion. 10. Methods of escape and pended animation. 
communication. } 14. reyeseipetne? and 
| physical support for 
| well-being. 
| | 15. Communication. 


| 16. Monitoring, warning 
| and safety devices. 
| 





“TV. RecoMMENDATIONS FoR A NASA ProcraM IN THE LIFE 
Scrences” 


“a, ORGANIZATION OF THE OFFICE OF LIFE SCIENCES” 


This Office should have the responsibility and authority for plan- 
ning, organizing, and operating the life sciences program of NASA, 
including intramural and extramural research, development, and 
training. This Office would also advise and consult with the other 
divisions of NASA and with the Administrator in matters involving 
biology, medicine, and psychology. It should have the responsibility 
for safeguarding the welfare of human subjects and the public health, 
as well as definitive participation in those projects which might jeo- 
pardize satisfactory investigation of possible extraterrestrial life. 

1. The Director of Life Sciences would be vested with the respon- 
sibility and authority of the Office of Life Sciences and should be 
responsible directly to the Administrator of NASA in the same 
manner and at the same directional level as the other program di- 
rectors. The caliber of the incumbent is obviously of undamental 
importance. He should be a man of high scientific stature, an able 
administrator with demonstrated capability in the selection and di- 
rection of staff. It is probable that the Director will be found amon 
physicians who have had considerable experience in the basic shadiesl 
sciences, although there are others who are not physicians who might 
have the requisite background. 

2. The internal organization of the Office of Life Sciences: The 
Committee proposes that the Office be organized in four sections, each 
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with an Assistant Director responsible to the Director of Life 
Sciences. 
(a) Section on Basic Biology. 
(6) Section on Medical and Behavioral Sciences. 
(c) Section on Applied Medicine and Biology. 

The substantive nature of the program of each of these three sec- 
tions is indicated under the respective heading in section III of this 
report, although considerable latitude in planning should be given to 
each Assistant Director. 

(d) Section on Extramural Program. 

This Section should be responsible for the administration and, 
in collaboration with the other Assistant Directors and the Director 
of Life Sciences, the planning of the extramural program. 

3. Advisory committees: The Director of Life Suitaees may desire 
an advisory committee made up of consultants outside the NASA, 
recommended by him and appointed by the Administrator. Such a 
committee would normally report to the Director of Life Sciencies or, 
on occasion, directly to the Administrator of the NASA. 

The Assistant Directors of the four sections may well need advisor 
committees for their activities. These could be made up of NAS: 
personnel plus outside consultants. 


“pz. INTRAMURAL PROGRAM OF THE NASA OFFICE OF LIFE SCIENCES” 


For a number of cogent reasons, an intramural program in the life 
sciences of significant size, diversity, and excellence should be estab- 
lished by the NASA. It is urgent that this program be initiated with- 
out delay. 


1. Objectives 


The present research effort in this field within NASA appears to 
be concentrated upon a single specific goal, exemplified by Project 
Mercury, at the possible expense of broader, more remote, but funda- 
mental aims. It is important that the biomedical aspects of the Proj- 
ect Mercury be placed squarely under the jurisdiction of the Office of 
Life Sciences and that it be coordinated with other aspects of the 
life sciences program. The remainder of the national space biomedi- 
cal effort, as found in military, industrial, and academic laboratories, 
is sporadic and incidental to other primary interests or responsibilities. 
These efforts are, on the whole, of excellent quality and should be 
maintained and supported ; there is need, however, in addition to these 
and coordinated with them, for a broad and thoughtfully planned bio- 
medical program of research extending from the most fundamental 
aspects to their most practical applications. The nucleus of such a 
national undertaking should be the NASA intramural program in 
biology, medicine, and psychology. 

The number of competent biological, medical, and psychological 
scientists motivated toward space research and skilled in its special 
problems and techniques is, at present, seriously limited. It is nec- 
essary to create a number of career opportunities in these fields on a 
long-term, full-time basis, and to increase the number of laboratories 
and facilities in which postgraduate training for such careers may 
be accomplished. 
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An important ingredient of a productive and creative research 
effort is the opportunity for interaction among scientists in all the 
relevant disciplines; between those whose interests are in the funda- 
mental areas and those working in the applied aspects of the problem. 
The need for interaction has become essential in recent years as the 
result of the high degree of specialization which modern science and 
technology demands and the accelerating rate at which new knowl- 
edge is accumulating. The older formula for creativity which 
depended upon the accumulation by a single mind of all the informa- 
tion necessary to a new concept is becoming increasingly difficult to 
achieve; it may, partially at least, be replaced by the daily contact 
and collaboration among scientists within a single institute. 

An active and distinguished research program in the biological, 
behavioral, and medical sciences within NASA should provide an 
atmosphere of knowledge and responsibility in which the national 
effort in these fields can best be planned, administered, and coordi- 
nated. It should be represented at the highest administrative levels 
within NASA and should participate in the planning and direction 
of the entire space program. Its members should be available for 
consultation and say be given appropriate responsibility and 
authority in all of NASA activities which involve biology, medicine, 
or psychology. 

2. Scope of intramural life sciences facilities 

To fulfill these objectives, the Committee recommends an intra- 
mural research program whose ultimate dimensions may be envis- 
ioned as follows: 

(a) A broad central facility with laboratories ranging from the 
most basic biological, behavioral, and medical disciplines through 
their highly applied aspects. A site at Goddard Space Flight Center 
at Greenbelt, Md., or adjacent to the National Institutes of Health 
recommend themselves, each for somewhat different reasons. The 
latter would offer the advantages of the unsurpassed facilities of the 
National Library of Medicine and of interaction with basic and 
clinical medical, behavioral, and biological scientists at the National 
Institutes of Health, the adjacent Naval Medical Center, and the 
Walter Reed Army Medical Center and Armed Forces Institute of 
Pathology, which are only a few miles away. All of these oppor- 
tunities would make the NTH site especially advantageous and attrac- 
tive to scientists in the medical, biomedical, and behavioral fields. 
The Greenbelt site, on the other hand, would offer active interfaces 
both with the space sciences and space technologies and also with the 
basic biological sciences represented in the laboratories of the Depart- 
ment of Agriculture. This site has a further advantage in the poten- 
tial for expansion as a national space center which the greater 
congestion and the different orientation of the NIH could not make 
possible. Further plans regarding the facility should be the responsi- 
bility of the Director of Life Sciences and his staff, who will make 
specific recommendations to the Administrator. 

(6) A limited number of additional facilities situated at some of 
the present or future NASA installations and, possibly, an institute 
at one or two universities. Each of these accessory groups would be 
somewhat differently oriented depending on the special functions and 
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the variety of competences represented in their environs. Thus, an 
institute located at a university with an important biological tradi- 
tion should be more heavily weighted toward basic astrobiology, 
while one situated where astronomy and physics were emphasized 
should reflect an orientation toward astrophysics. The groups to be 
incorporated into NASA installations, on the other hand, should be 
primarily representative of the technological and engineering aspects 
of biology and medicine, They would thus be in a position to utilize 
the unique facilities of these installations in the furtherance of astro- 
nautcal research and, conversely, this would insure that engineering 
development of space vehicles would be carried out with due regard 
for the requirements of future occupants, 

The Committee is reluctant to stipulate the dimensions which these 
facilities should attain or to indicate more precisely their scientific 
complexion. It would suggest, however, that the directors would give 
prior consideration to high quality rather than quantity, realizing 
that excellence is not necessarily proportionate to size. 

It would emphasize, however, that at least some of the peripheral 
units, as well as each of the three units of the central facility, be 
planned in terms of a minimum critical mass, defined as an adequate 
variety of disciplines and number of professional personnel and their 
necessary supporting staff and physical facilities to constitute a self- 
sufficient, mutually interacting, and sustaming unit. It is of interest 
that the varied experience of the Committee members converged on 
an estimate of 20 scientists and 30 to 35 supporting personne] as 
constituting such a minimal staff. An annual budget of $800,000, 
exclusive of permanent equipment but including overhead or reim- 
bursement, would probably be required to support such a minimum 
unit, and a facility of 30,000 square feet, overall, to house it, based 
upon acceptable standards of biomedical research in other fields. 
This would indicate, therefore, an annual budget for the central 
facility of the order of $2.4 million and a total of 90,000 square feet. 

Even where the program of a unit were oriented to one or another 
aspect of the field, as would be the case in the accessory laboratories, 
the scientific staff should be representative of numerous disciplines, 
basic as well as applied. 


3. Development of the intramural program 


The rate of growth toward an intramural program of the scope 
outlined above will perforce be limited by the total budget and the 
competitive needs of the parent agency. More important, perhaps, 
may be the limitation, self-imposed by the program’s directors in 
recognition of the paucity of adequately trained personnel and the 
other national needs for such individuals, including the needs by 
the military departments for national defense and security and the 
needs of academic and other institutions for teaching and research. 

The Committee recommends, therefore, that the development of 
the intramural program be deliberate and gradual with. cooperative 
utilization of presently available manpower and facilities which are 
outside of NASA, and their judicious duplication or replacement by 
the intramural NASA program as those facilities become obsolete 
or overutilized and as the total resource of competent and motivated 
scientists is augmented by a training program which NASA itself 
will substantially support. 
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The immediate and most pressing need of the program is the ap- 
pointment of a Director of Life Sciences and, on his recommendation, 
the Assistant Directors. (See Sec. [V-A: Organization.) It should 
be the responsibility of the Director and his Assistant Directors, in 
consultation with an advisory council, should one be appointed, to 
plan a national program for NASA in the life sciences, to determine 
its complexion, establish its philosophy, recruit its senior personnel, 
and guide its development. 

The Committee recommends that the Director of Life Sciences and 
his staff in their initial planning select those segments of the national 

rogram which are currently being carried out by existing facilities 
in the military services, in universities and research institutes, and by 
industry, or which certain of these facilities are capable of carryin 
out in the immediate future. By appropriate contracts, transfer o 
funds, construction grants, or other mechanisms of support, partici- 
pation of these existing facilities in a coordinated national program 
should be invited and made feasible. 

At a very early date, the Director of Life Sciences and his staff 
should begin the planning, construction, and organization of the 
central and certain of the auxiliary facilities, concentrating on those 
areas of basic and applied science not adequately provided for in 
existing programs, 

As major physical facilities utilized by the NASA biomedical pro- 
gram on a cooperative basis and of primary concern to that program 
(i.e., centrifuge and controlled environmental chambers) become ob- 
solete or overutilized, or as completely new designs become necessary 
and feasible, these may be constructed by NASA within its intramural 
program and maintained as national and international facilities. This 
should not prevent the construction of similar facilities by other agen- 
cies where necessary to the execution of their respective responsibili- 
ties. Present cooperative arrangements are a fitting precedent for the 
continuance of the concept that these expensive facilities should be 
shared wherever possible both in cost and usage, but that the initiative 
and responsibility for the construction of any one of them should lie 
with the agency which has the greatest need. 


“C. EXTRAMURAL PROGRAM OF THE NASA OFFICE OF LIFE SCIENCES” 


Investigations in extraterrestrial biology and resolution of prob- 
lems related to manned space flight provide an area for research and 
development necessitating many diversified contributions. An opti- 
mum rate of achievement will require further cooperation with other 
Government agencies. Important contributions are expected to come 
from scientists working in universities, research institutes, and in- 
dustry. Thus a strong extramural program is an essential aspect of 
the activities of NASA in the life sciences (1) to mobilize the relevant 
research talent; (2) to obtain ideas, information, and participation 
essential to the activities of NASA from the best qualified available 
sources; (3) to generate among the scientific and industrial communi- 
ties an awareness of the activities of NASA and to secure support of 
its programs. 
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1. Grants 


NASA should set up a system of research grants for individual 
scientists or groups of scientists working in universities or nonprofit 
research institutes based on original research proposals and with ap- 
et means for their review and approval. Such grants should 

for the support of basic or applied research in areas of interest to 
NASA. These areas of its interest should be broadly interpreted. 
Proposals from well qualified interdisciplinary groups should be en- 
couraged. 


2. Contracts 


We believe that the NASA should enter into contracts with indus- 
trial corporations and governmental agencies for specific research 
needs, particularly in the field of technology, but also in fundamental 
research. Such research contracts are particularly favorable for the 
solution of short-term problems which might be inefficiently studied 
in an intramural program and which might require the hiring of spe- 
cialized scientists or the building of particular equipment that would 
have no long-term value to the agency. 


3. Timing 


The Committee strongly recommends that the grant program and 
perhaps research contracts should be initiated so that money is avail- 
able to the recipients at the earliest practicable date. The initiation 
of this program need not await the setting up of the permanent or- 
ganization of the life sciences. The NASA may be able to borrow an 
experienced official from the U.S. Public Health Service, the Office of 
Naval Research, or the National Science Foundation to get this pro- 
gram underway. Alternately, the NASA could delegate the approval 
of such grants to the National Research Council-National Acadany of 
Sciences. The sort of study section mechanism used by the U.S. 
Public Health Service could serve as an excellent model. 


“Dp. RELATIONSHIP OF THE NASA OFFICE OF LIFE SCIENCES TO 
EXISTING PROGRAMS IN THE MILITARY SERVICES” 


The effort to put living animals and men into space and to maintain 
them there for considerable periods of time requires the development 
of many new techniques for protection from unfamiliar stresses. The 
nature of these stresses is reviewed elsewhere in this report. Study of 
the physical, chemical, biological, and psychological stresses of space 
flight requires an extensive array of apparatus and a large staff of 
trained scientists and technicians. Additional facilities and close 
liaison with the physical scientists and engineers engaged in vehicle 
research and development are essential to provide proper life-support 
systems and protection for the passengers in this new form of 
transportation. 

The existing capability for studies of this character is found almost 
entirely in the military services. Except for a few aircraft companies, 
civilian agencies have had little need to develop studies of high-al- 
titude, high-speed flight, and NASA itself has so far concentrated 
almost entirely on the physical and engineering aspects of flight 
problems. 
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The military medical services, on the other hand, have been continu- 
ously engaged since the First World War in developing facilities and 
personnel for aeromedical studies. No attempt will be made here to 
draw up a list of the facilities now available, It is only necessary to 
note that, taken together, these installations provide a variety and 
quantity of controlled environment chambers, centrifuges, acceleration 
tracks, and other relevant apparatus which may nit Se equaled any- 
where else in the world. The Committee was especially impressed 
with the quality of the personnel available for work in these labora- 
tories and their enthusiastic dedication to the job. It is difficult to 
measure the existing capability in terms of money, but the investment 
in men and machines must represent at least $80 million and perhaps 
a good deal more. More important is the time which woul be re- 
quired to build similar installations or train comparable personnel for 
use elsewhere. 

It appears that the military capability in aeromedicine is, at present, 
not fully utilized. The reasons for this are somewhat complicated 
and require at least brief exposition. In the first place, many of the 
biomedical problems of conventional high-altitude flight are now 
reasonably well solved. Furthermore, the military requirement for 
conventional aircraft is increasingly uncertain. Fewer such vehicles 
are planned for the future, and there appears to be a declining need 
for the use of existing aeromedical facilities for the training and 
indoctrination of conventional pilots. Current military plans empha- 
size the use of unmanned ballistic missiles. Although certain for- 
ward-looking elements at various points in the Military Establish- 
ment foresee a tactical need for manned vehicles in space, such weapons 
systems do not form a major part of current operational plans. The 
military budgets for aeromedical research are not, therefore, de- 
fended at present on the basis of a clearly defined existing military 
objective or requirement. They depend for the most part on the 
declining momentum of the conventional aircraft program and the 
existence of a few experimental projects of which the X-15 and Dyna- 
Soar vehicle series are examples. For completeness, it may be noted 
also that understanding of aerospace medicine benefits indirectly by 
research funded for other reasons. For example, work on hot, noisy 
environments desired by the Tank Corps may help in understanding 
some of the biological problems involved in satellite launchings; 
closed ecological systems under development for use in submarines 
may be adapted to space vehicles; and so on. 

omewhat paradoxically, NASA, which does have a clearly de- 
fined mission to put and maintain men in space, has essentially no 
existing capability for studying the biological and medical problems 
involved. Faced with the necessity for selecting a group of astro- 
nauts for Project Mercury and providing for their safety during this 
series of missions, the Agency turned for assistance to the military 
services. The services, in turn, have responded with enthusiasm and 
good will to this new challenge. In spite of the apparent success of 
the arrangement, the fact remains that authority for insuring the 
health, safety, and effective functioning of the astronauts is not firmly 
in the hands of the agency responsible for the success of the project as 
a whole. The medical personnel were not selected by the NASA but 
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by representatives of the military services which provided them on a 
loan basis for this particular task. Their continued presence in the 
project is as much a matter of continuing good will as it is a clear 
contractual agreement, and the individuals themselves must of neces- 
sity feel a primary loyalty to the services in which they have elected 
to develop their entire careers. 

The establishment of an Office of Life Sciences in NASA will 
greatly improve its capability for discharging its biomedical respon- 
sibilities. Even though the Agency will probably wish to continue to 
draw on many other sources for help in solving its biological prob- 
lems, the presence of at least a small staff of highly qualified biologists 
and medical men is essential for the formulation of overall policy, the 
direction of research and operations within the NASA, and the nego- 
tiation of satisfactory working agreements with other Government 
agencies and the military services. 

For the next few years, and possibly indefinitely, the NASA will 
need to rely heavily on the military services for help in the technology 
or applied aspects of aeromedicine. For reasons outlined above, the 
military services presently appear to possess a capability in excess of 
their own need and are anxious to cooperate in every possible way. 
The Committee was impressed by the ease with which NASA has ar- 
ranged cooperative research between individual and small groups of 
workers in the military laboratories. It is apparent that personnel 
may be lent from one agency to another, apparatus may be transferred 
or time made available at military installations with a minimum of 
administrative difficulty so long as the scale of the operation is kept 
reasonably small. All those who provided information for the Com- 
mittee were unanimous on this point. 

The situation is far more dubious with respect to large or long-con- 
tinued programs involving extensive transfer of personnel, facilities, 
or funds. Complex contracts of this character would doubtless have 
to be channeled to rather high levels in the Department of Defense 
with concomitant delays and uncertainties. A more serious question 
involves the overall Government policy in relation to the budget. To 
what extent will or should the Bureau of the Budget or the Congress 
permit the transfer of segments of the NASA budget to other agencies 
for the execution of NASA directed and supervised objectives? To 
put the question another way, how far can the military services go in 
justifying the salaries and allowance of military personnel a substan- 
tial part of whose time is spent on civilian missions ? 

Another difficulty arises from the fact that the apparent excess 
of space medical capability now available in military establishments 
may be temporary. How far the present cordial cooperativeness of 
military personnel is dependent on this temporary excess is difficult 
to determine, but the possibility cannot be ignored. The present situa- 
tion is at best an unstable one. Either of two things may happen. 
The military decision to rely heavily on unmanned ballistic or guided 
vehicles may become more firmly established. This will lead to a 
further decline in military requirements for aeromedicine with con- 
comitant budget cuts for the support of aeromedical installations. 
Conversely, and in the opinion of the Committee more probable, pres- 
ent skepticism in regard to the utility of manned military vehicles will 
gradually disappear and the services will be provided with increased 
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funds for research in space medicine. In either case, the excess mili- 
tary capability now available to NASA is likely to decline if not com- 
pletely disappear. 

Faced by these considerations the Committee makes the following 
recommendations : 

1. The Applied Medicine and Biology Section of the proposed 
Office of the Life Sciences should, in the immediate future, make the 
fullest possible use of the excellent facilities and personnel for bio- 
medical research now available in the military services. The exact 
mechanisms for this cooperation must be worked out in large part by 
the Administrator, the Director of the Life Sciences, and his staff to- 
gether with the proposed Section on Extramural Research. In many 
cases, the necessary arrangements can be based on informal agreements 
to assign personnel or make facilities available. In others, formal con- 
tracts guaranteeing definite sums of money over stated periods of time 
will be necessary. In order to facilitate the negotiating of such ar- 
rangements, additional liaison machinery should be set up between the 
Department of Defense and NASA in the life sciences. This might 
well be a committee composed of the directors of bioastronautics of the 
Air Force and Navy, the Director of the Office of Life Sciences, and the 
Assistant Director for the applied medicine and biology programs of 
NASA. This committee should be empowered by general directives 
from the Department of Defense and NASA to work out contractual 
and other arrangements for the conduct of research and development 
in aerospace medicine. 

A civilian-military liaison committee is in existence to arrange for 
cooperative interagency undertakings. It is felt, however, that astro- 
medical matters involve quite different considerations from those 
regularly dealt with by the civilian-military liaison committee. The 
amounts of money involved are much smaller and other factors in the 
situation are such as to make it unlikely that the human problems of 
space flight will get the attention their importance merits unless they 
are dealt with by a specially constituted group. 

2. As soon as possible the NASA Applied Medicine and Biology 
Section should develop an inhouse capability for research and develop- 
ment as part of the intramural program recommended in section IV—B. 

The exact extent of inhouse capability cannot be foreseen at this 
time. In view of the uncertain availability of military facilities in 
which much of the immediate research program must be developed, 
it seems wise to recommend that the long-term program include facili- 
ties for the study of every aspect of bioastronautics except those which 
involve heavy expenditures for special items of equipment. 

3. The provision of adequate access to large and expensive appara- 
tus raises special problems. At the present time, the most notable 
example is the human centrifuge for simulating space flight problems 
at Johnsville. In most instances, one such installation should be 
enough to serve the national interest, if proper arrangements are 
made in advance for its construction and utilization. The present 
se is that one or another of the services develops a given instal- 

ation to meet its own needs and then invites or allows the other ser- 
vices to use it on the basis of ad hoc agreements. The Committee 
wishes to recommend that in the future such facilities be planned and 
operated on an explicit NASA-interservice basis. Various adminis- 
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trative patterns may be thought of to achieve this end. In some cases 
the facility might be set up as an independent authority with its own 
budget to provide research service to other Government agencies much 
as the Bureau of Standards does now. In other instances the facility 
could be held and operated by a NASA-interservice committee with 
a budget provided by one or more of these services represented on the 
committee. This pattern has worked well for the Armed Forces 
Institute of Pathology. 
“e, TRAINING” 


In common with every agency of Government and industry which 
utilizes and depends upon scientific and technical specialists, NASA 
has a stake and responsibility in the education and training of such 
men and in the continued supply of scientific manpower generally. 
An agency which attempts ccmpiiy to fulfill its responsibilities in 
this area may recognize a dual nature in these responsibilities. It 
is, of course, necessary to create and maintain a cadre of scientists 
properly equipped with the specialized knowledge, skills, motivation, 
and philosophy which are required for the particular mission; but it 
is also important that this be done without depletion of other im- 
portant activities which include national defense, health, aviation 
medicine, and the basic biological, medical, and behavioral disciplines 
upon which these areas depend. . 

The Committee recommends that NASA take immediate steps to 
initiate a diversified program of training and the support of training 
administered by the Office of Life Sciences ecg the Section on 
Extramural Activities and that in the planning of such a program 
attention be given to the following types of activities: 

1. Postgraduate fellowships or traineeships at NASA installa- 
tions, at space biology institutes, or in certain laboratories of the 
Armed Forces, the U.S. Public Health Service and other gov- 
ernmental operations, or at appropriate departments in univer- 
sities here and abroad for individuals, including members of 
NASA staff, foreign scientists and others, who have chosen a 
neens in astrobiology, space medicine, or immediately related 

elds. 

2. Training grants to appropriate institutes or university de- 
partments to support existing teaching activities or initiate new 
ones in areas of general or special relevance to the NASA Life 
Sciences Division. 

3. Short-term visiting scientist appointments (from 2 months 
to 2 years) to permit qualified scientists from this country and 
abroad to utilize certain of the special facilities of NASA or the 
Armed Forces in research of relevance to the life sciences 
program. 

“Fr, COMMUNICATION AND INFORMATION” 


The Committee, in common with scientists generally, believes that 
the primary purpose of science, which is to increase man’s under- 
standing of the universe, is best fulfilled by free exchange of scien- 
tific findings, information, and criticism among all scientists. The 
Congress, in establishing this agency, declared “that it is the policy 
of the United States that activities in space should be devoted to 
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peaceful purposes for the benefit of all mankind.” To this end, the 
Committee recommends that NASA give serious thought to those 
mechanisms and guarantees which will facilitate free scientific inter- 
change with respect to the life sciences ea eae those which 
the Committee has considered and which it supports are the following: 

1. Judicious use of travel funds to permit the exchange of 
information between individual scientists, or among scientists at 
national or international meetings and symposia without arbi- 
trary restrictions but guided by the value of such interchange to 
the advancement of eee 

2. The sponsorship by NASA of bulletins, journals, and of 
conferences, meetings, and symposia on topics or in fields where 
such media or opportunities for exchange of information would 
be of value. 

3. The establishment of a policy of the free reporting of all 
scientific information obtained in the life sciences through the 
extramural or intramural operations of NASA in the open 
scientific literature. Security regulations with respect to per- 
sonnel or publications and in the areas of grants, contracts and 
fellowships must be exercised with great caution and limited to 
those specific projects where a direct relationship to national 
security can be clearly demonstrated. 


“G. NASA LIFE SCIENCES FACILITIES AS A PUBLIC TRUST” 


Although much basic research related to problems of space can be 
conducted in appropriate facilities on earth, it is apparent that many 
observations must be made in space vehicles. The study of the effect 
of weightlessness is an obvious example; spectrographic analysis of 
the surface of the planets from platforms high above the disturbing 
influences of the earth’s atmosphere is another. For some time to 
come, the space available for scientific instruments in space vehicles 
is likely to be strictly limited. At the present time almost all such 
7 and bandwidths available for telemetry are being absorbed by 
the equipment necessary to monitor the function of the vehicle itself 
or to make limited physical observations of its immediate environ- 
ment. Prospective improvement of propulsion systems will soon pro- 
vide more commodious vehicles, but for years to come the supply of 
facilities is likely to be far less than the demand. Proper allocation 
of such space facilities will be very difficult to arrange and certainly 
cannot much longer be left solely to the good will of those responsible 
for the design and operation of launching equipment, or to random 
excitement as to who can inject the largest mammal into orbit. 

Attention may be drawn to the fact that at present two great powers 
between them enjoy a monopoly on operations in space. Although 
this list may be expanded somewhat in years to come, the extensive re- 
sources needed to support such missions make it likely that they can 
be carried out onl the very largest nations. It is a tradition of 
long standing in the United States that a monopoly position carries 
with it the obligation to conduct affairs with due regard to the public 
interest. In the present instance the monopoly is essentially world- 
wide, since it includes the control not only of the vehicles themselves 
but of the most suitable launching sites throughout the world. It fol- 
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lows that these facilities should be administered so far ag it is possible 
in the public interest of the world. at large. The Committee is heart- 
ened by the provisions which the NASA has made towards greater in- 
ternational cooperation. As man stands before the moment when at 
last he may break the bonds which have chained him to a single planet, 
it seems fitting and proper to insure that all mankind, and not two 
nations alone, Soult have the opportunity to meet this momentous 
challenge. 
* 


* * * * * * 





PART Il1. DEPARTMENT OF DEFENSE 


OFFICE OF THE DIRECTOR OF 
Derensk ReskARCH AND ENGINEERING, 
Washington, D.C., April 15, 1960. 


DrpaRTMENT OF DeFreNsE SuMMaRY COMMENTS FOR THE SENATE Com- 
MITTEE ON AERONAUTICAL AND SPACE ScIENCEs Stupy OF BIoLocIcaL, 
MepicaL, AND PsycHoLocicaL ResearcH Programs 


The following comments and the accompanying collected reports 
from the three military services are in response to a request from the 
committee dated March 23, 1960. 

Scope of the study within the Department of Defense: The accom- 
panying reports provide detailed information from 31 laboratories, 
contracts, and grants offices, and other agencies whose research, de- 
velopment, test, and evaluation programs support aeronautical and 
space activities either directly or indirectly, in part or in full. 

With regard to the Department of the Army reports neon 
laboratories, it should be understood that the Army currently has no 
formal responsibility for undertaking life sciences research programs 
in direct support of aeronautical and space activities. This explains 
the notation “not applicable” which appears in the Army reports. 
In addition, it explains what might appear to be discrepancies in the 
sizes and completeness of the research staffs shown in the reports. On 
the other hand, the reporting Army agencies do conduct research pro- 
grams which are of considerable indirect interest to the life sciences 
aspects of aerospace activities. With regard to Army contract pro- 
grams in the life sciences, the principal agency involved is the Army 
Medical Research and Development Command, Washington, D.C. 


A. Overatt DeraRTMENT oF Derense Fisca Summary ror AERO- 
space Retatep Lire Scrence Procrams 


Research budgets 


Present value 
Departments of installa- 


Fiscal year | Fiscal year tions 
1960 1961 


$27, 135, 669 $31, 618, 893 


5, 955, 000 
3, 425, 800 
38, 024, 669 61, 637, 439 


LL 


59 





60 SPACE RESEARCH IN THE LIFE SCIENCES 


B. Overatt DeparTMENT or Derense Srarrinc Summary For AERO- 
space Revatep Lire Scrence Programs 


Doctors ! Master’s Bachelor’s Supporting staff ? 


Military | Civilian | Military | Civilian | Military | Civilian | Military | Civilian 


139 167 75 
58 20 


1 Includes M.D.’s, Ph, D.’s, dentists, veterinarians. 
4 Includes technicians, stenographers, and other support personnel. 


C. Tri-Srervice Lire Scrence Proecrams 
1. Armep Forces Institute or PatrHo.ocy 


The Armed Forces Institute of Pathology is the principal Depart- 
ment of Defense organization for consultation, education, and re- 
search in pathology, which is the study of disease, It is located on 
the grounds of the Walter Reed Army Medical Center, Washington, 
D.C. Originated in 1862 as the Army Medical Museum, it has under- 
gone several stages of growth culminating in 1949 with its establish- 
ment as an integrated agency of the Department of Defense, staffed 
by members of each of the military departments as well as by other 
Gecmiaan agencies including the Veterans’ Administration and the 
U.S. Public Health Service. 

The mission of the Institute is to support the Medical Services of 
the Armed Forces by providing consultation, education, and research 
in pathology. The Institute is authorized by special arrangement to 
furnish the same support to other Federal organizations and to civilian 
medicine within the limits of its capabilities. 

The Armed Forces Institute of Pathology is organized in four main 
divisions: The Department of Pathology; the Medical Illustration 
Service; the Medical Museum; and the American Registry of Path- 
ology, which relates the Institute activities with civilian medicine 
through the National Academy of Sciences. It is under the manage- 
ment control of the Secretary of the Army through the Army Surgeon 
General. Its directorship rotates among the three armed services and 
its Board of Governors consists of the three Surgeons General of the 
Armed Forces. It has a scientific advisory board composed of some 
20 outstanding civilian scientists. 

The research program is coordinated by the Scientific Director. 
Although the bulk of the Institute’s research is concerned with diseases 
which are important to the health and effectiveness of the Armed 
Forces, an increasing proportion of the research activity is concerned 
with military environmental pathology which includes problems con- 
nected with aerospace activities. 


Projects concerned with aeronautical and space activities 


Aviation pathology.—This project is concerned with “on-the-scene” 
and laboratory investigations of human and environmental factors in 
aircraft accidents such as preexisting disease in the pilot, hypoxia, 
carbon monoxide or other chemical or drug intoxications, explosive 
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decompression of pressure cabins, or exposure to fire. The pattern 
and sequence of injuries may point to mechanical failure or improper 
design of the aircraft or its equipment. 

Radiation studies ——Studies are in progress on the biologic effects 
of cosmic radiation, nuclear radiations, and microwaves (radar). 
These investigations involve close collaboration with military and 
NASA interests and are integrated so as to complement similar work 
in other laboratories. 

Project Merewry support.—The Institute has collaborated in studies 
of the biologic effects of and tolerance to abrupt decelerative forces in 
connection with the Mercury capsule design. Im addition, it has 
been requested to provide pathology service support for Project Mer- 
cury including studies of the experimental ani 

Towicology of closed environmental systems.—Methods are being 
developed to detect and measure minute amounts of substances in 
human tissues and otherwise, which might accumulate to hazardous 
levels in closed environmental spaces such as submarines and space 
capsules, 

FISCAL DATA 


The research support for fiscal year 1960 amounts to approximately 
$650,000. The estimated figure for fiscal year 1961 is approximately 
$900,000. The Armed Forces Institute of Pathology oomaiih part of 
its research program through grants and contracts from other agen- 
cies, including the military departments. The balance of its research 
is supported by operating funds, 

Contracts and grants.—Of the total research dollars shown above, 


grants and contracts provide $315,570 in the fiscal year 1960. program 
and will provide an estimated $500,000 in the fiscal — 1961 program. 


Staff —The total staff numbers 523 persons. O , 89 are pro- 
fessional personnel including 23 military physicians, 32 civilian physi- 
cians, 4 dentists (3 military, 1 civilian), 11.military veterinarians, and 
19 allied scientists (8 military, 11 civilian). The remainder of the 
staff is composed of subprofessional personnel and administrative 
support personnel. In addition, there are in training at any one time 
approximately 60 individuals in military and civilian fellowships in 
the various branches of pathology. 


D. Coorprnation or ResEaRcH ProcramMs AND EXCHANGE OF 
INFORMATION 


Feonsaenen and information exchange within the Department of 
efense 

_ The Office of the Director of Defense Research and Engineering 
is ae to the Secre of Defense for coordination of all re- 
search, development, test, and evaluation programs of the three mili- 
tary departments and the Advanced ihiecerth Panta Agency. This 
is a large part of the a“ activity of the 231 scientific and adminis- 
trative personnel of the ODDR&E and of the corresponding offices 
in the three military departments. The ODDR&E is aided in this 
effort by a number of advisory groups, the principal of which is the 
Defense Science Board whose membership includes outstanding au- 
thorities for all major scientific and ical areas of importance 
to national defense (see p. 63). 





62 SPACE RESEARCH IN THE» LIFE SCIENCES 


The Advisory Panel on Medical Sciences and the Advisory Panel 
on Psychological and Social Sciences are the two main civilian scien- 
tific advisory groups which assist the Director of Defense Research 
and Engineering in the life sciences areas. (See pp. 65-66.) The 
oe of these panels are ex officio members of the Defense Science 

oard. 

An internal group serving the Director of Defense Research and 
Engineering, known as the Coordinating Committee on Science, is 
wa up of military and civilian members of the three military serv- 
ices and the Office of the Secretary of Defense; supporting it are 
coordinating representatives from each of the three services in the 
several basic research areas of importance to the Department of De- 
fense including representatives for biology, medicine, and psychology 
and the social sciences. (See p. 67.) Each of the military depart- 
ments has a top level scientific advisory body whose membership, as 
in the groups mentioned above, includes authorities in essentially all 
of the science areas of interest. These bodies are the Air Force 
Scientific Advisory Board, the Army Scientific Advisory Panel and 
the Naval Research Advisory Committee. 

Among the most important interservice agencies for coordination 
and exchange of research program information are the Armed Forces- 
National Research Council scientific committees. Of primary interest 
to the present report is the Armed Forces-National Research Council 
Committee on Bio-Astronautics which includes many service members 
who are specialists in the various aerospace life sciences. (See p. 226.) 
Similarly, the Armed Forces-National Research Council Committees 
on Vision and on Hearing and Bioacoustics effect major coordination 
and interchange among the three services and the civilian scientific 
community. 

Two important scientific information agencies supported in part 
by the Armed Forces are the Bio-Sciences Information Exchange of 
the Smithsonian Institution (see p. 241) and the National Research 
Council Toxicological Advisory Center. The Armed Services Tech- 
nical Information Agency, operated by the Air Force for the De- 

artment of Defense, is the predominant internal activity for col- 
ection and dissemination of scientific information to the three mili- 
tary services, their contractors, and to other federal agencies. 

n addition to the above-mentioned activities, levels of coordination 
and the exchange of information include continuous informa] contacts 
among laboratory scientists, both intraservice and interservice, and 
with other Federal and civilian scientific groups. This is accom- 
plished by a variety of methods, including letters, telephone, laboratory 
visits, conferences and symposia. It is augmented by the periodic ma- 
jor conferences of the national professional scientific societies whose 
membership includes many scientists from the Armed Forces. Some 
of the important ones for the aerospace life sciences are the Aerospace 
Medical Association, the American Psychological Association, the Fed- 
eration of American Societies for Experimental Biology, and the 
American Institute of Biological Sciences. 


Coordination and information exchange with other federal agencies 
and with non-governmental scientific groups 


One of the benefits of joint civilian-military membership in the sev- 
eral scientific advisory groups mentioned above is the resultant op- 
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portunity for dissemination of program information through the 
civilian members who represent the ation’s universities, private re- 
search groups, and industrial research groups. 

Liaison officers provide an important channel for interagency coor- 
dination. For example, the Air Force has a group of officers, includ- 
ing biomedical specialists, assigned full time with the Atomic Ener 
Commission. Each service has scientists working full time with the 
NASA. The Assistant Secretary of Defense (Health and Medical) 
and the three Surgeons General designate medical specialists to serve 
part time with the research advisory councils and study sections of 
the U.S. Public Health Service. The Assistant Secretary of Defense 
(Health and Medical) is a member of the President’s Federal Radia- 
tion Council. 

A coordinating link with the National Aeronautics and Space 
Administration is the NASA-DOD Space Science Committee. (See 
p. 67.) Program information in the life sciences is included in the 
deliberations of this group. 

The daily informal coordinating activities of defense research man- 
agers and laboratory scientists communicates information to and from 
other Federal agencies and the civilian scientific community and uti- 
lizes a number of different communications techniques. In addition, 
for unclassified research and development material the public news 
media and the scientific and technical journals provide a continuing 
body of useful and timely information concerning activities in mili- 
tary research and development. 


1. Defense Science Board 


Dr. H. P. Robertson, Chairman. 

Dr. J. W. McRae, Vice Chairman. 

L. M. McKenzie, Executive Secretary. 
Executive Committee 

Dr. H. P. Robertson, Chairman. 

Dr. J. W. McRae, Vice Chairman. 

Dr. R. W. Cairns. 

Dr. C. C. Furnas. 


ania ex officio: Chairmen (and designees) of ODDR&E advisory 
panels: 
Aeronautics: William Littlewood, vice president, equipment re- 
search, American Airlines. 
Atomic Energy: Dean Dale R. Corson, College of Engineering, 
Cornell University. 
Biological and Chemical Warfare: Dr. Frank L. Horsfall, Jr., 
vice president and physician in chief, the Rockefeller Institute. 
Electronics: Dr. Elmer W. Engstrom, senior executive vice presi- 
dent, Radio Corp. of America. 
Fuels and Lubricants: Dr. W. J. Sweeney, vice president, Esso 
Research & Engineering Co. 
General Sciences: Dr. R. W. Cairns, director of research, Her- 
cules Powder Co. 
Materials: Dr. C. F. Rassweiler, vice president for research and 
development, Johns-Manville Corp. 
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Medical Sciences: Dr. Richard A. Kern, Temple University Hos- 
pital, Philadelphia, Pa. 

Ordnance: Dr. Thomas E. Caywood, Caywood-Schiller Asso- 
ciates, Chicago, Ill. 

Psychology an Social Sciences: Dr. Dael Wolfie, executive offi- 

cer, American Association for the Advancement of Science. 


Chairmen (and designated alternates) of advisory bodies: 

Army Scientific Advisory Panel: 

Dr. James W. McRae, vice president, American Telephone 
& Telegraph Co. ; and Chairman, Army Scientific Advisory 
Panel, Department of the Army. er 

Alternate: Dr, C. C. Furnas, chancellor, the University of 
Buffalo. 

Naval Research Advisory Committee: 

Dr. Frederick Seitz, head, Department of Physics, University 
of Illinois; and Office of Scientific Adviser, North At- 
lantic Treaty Organization, Paris, France (for 1 year) ; 
and Vice Chairman, Naval Research Advisory Committee, 
Washington, D.C. 

Air Force Scientific Advisory Board : 

Lt. Gen. Donald L. Putt, USAF (Ret) President, United 
Research Corp. of Menlo Park, Menlo Park, Calif.; and 
Chairman, Scientific Advisory Board, Department of the 
Air Force. 

Alternate: Dr. H. Guyford Stever, associate dean of en- 
gineering, Massachusetts Institute of Technology. 

Scientific Advisory Committee, Office of the Secretary of De- 
fense: Dr. Clark B. Millikan, director, Guggenheim <Aero- 
nautical Laboratory, California Institute of Technology. 

President’s Science Advisory Committee: Dr. George B. Kistia- 
kowsky, Special Assistant to the President for Science and 
Technology. 

General Advisory Committee, Atomic Energy Commission: Dr. 
Warren C. Johnson, vice president in charge of special 
scientific programs, the University of Chicago. 

Representatives of other agencies: 

Dr. Allen V. Astin, Director, National Bureau of Standards. 

Dr. Detlev W. Bronk, President, National Academy of Sciences. 

Dr. Hugh L. Dryden, Deputy Administrator, National Aero- 
nautics and Space Administration. 

Dr. Alan T. Waterman, Director, National Science Foundation. 

Members-at-large: 

Frank R. Collbohm, president, the Rand Corp. 

Dr. C. C. Furnas, chancellor, the University of Buffalo. 

Dr. A. B. Kinzel, vice president, Union Carbide Corp. 

Dr. H. P. Robertson, professor of mathematical physics, Cali- 
fornia Institute of Technology ; and Chairman, Defense Science 
Board, Office of the Director of Defense Research and Engi- 
a , 

Pd L. Eugene Root, group vice president, Lockheed Aircraft 


Dr. Wilbur Schramm, Center for Advanced Study in the Be- 
havioral Sciences, Stanford University. 
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Maj. Gen. Leslie E. Simon, USA (retired), vice president and 
director, R. & D., Carborundum Co. 
Executive Secretary: Lawson M. McKenzie, Office of the Director of 
Defense Research and Engineering. 


2. Advisory Panel on Medical Sciences 


Steering group: 

Dr. Richard A. Kern, Chairman; Temple University Hospital, 
Philadelphia, Pa. 

Dr. Truman G. Blocker, Jr., professor of surgery, University of 
Texas Medical Branch. 

Dr. Donald W. Hastings, professor of psychiatry and neurology, 
Medical School, University of Minnesota. 

Dr. Waltman Walters, professor of surgery, Mayo Foundation, 
University of Minnesota. 

Members: 

Dr. J..Garrott Allen, Department of Surgery, Stanford Univer- 
sity School of Medicine. 

Dr. Stanhope Bayne-Jones, Washington, D.C. 

Dr. Harwood S. Belding, professor of environmental physiology, 
University of Pittsburgh. 

Dr. R. Keith Cannan, Chairman, Division of Medical Sciences, 
National Research Council. 

Dr. Louis E. Daily, vice president, Eaton Laboratories, Nor- 
wich, N.Y. 

Dr. Donald H. Eldredge, Central Institute for the Deaf, St. 
Louis, Mo. 

Dr. Gioacchino Failla, preset of radiology and director of 
laboratory, College of Physicians and Surgeons, Columbia 
University. 

Dr. Lee E. Wate medical director, Brookhaven National Labora- 


tory. 

Dr. teak Fremont-Smith, medical director, Josiah Macy, Jr., 
Foundation. 

Dr. Maynard K. Hine, dean, School of Dentistry, Indiana Uni- 
versity. 
Dr. Harold C. Hodge, professor of pharmacology and toxicology, 
School of Medicine and Dentistry, University of Rochester. 
Dr. Lawrence C. Kolb, director, New York State Psychiatric In- 
stitute, New York, N.Y. 

Dr. Christian J, Lambertsen, professor of pharmacology, Labora- 
A of Pharmacology, University of Pennsylvania. 

Dr. Clarence S. Livi d, chairman, Department of Derma- 
tology, Henry Ford Hospital, Detroit, Mic 

Dr. W. Randolph Lovelace li, director, Lovelace Foundation, 
Albuquerque, N. Mex. 

Dr. Ross A. McFarland, professor of environmental] health and 
safety, Harvard University School of Public Health. 

Dr. Lloyd R. Newhouser, director, Blood Bank and Medical Re- 
search Foundation, Miami, Fla. 

Dr. Dati ©. Ogle, president, Institute of Physical Medicine and 
Rehabilitation, Peoria, Il. 
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Dr, Donald M. Pillsbury, Department of Dermatology, Duhring 
Laboratories, University of Pennsylvania. 

Dr. Herbert Pollack, associate professor of clinical medicine, 
New York University School of Medicine. 

Dr. Harold G. Scheie, professor of ophthalmology, University of 
Pennsylvania. 

Prof. Leslie Silverman, professor of engineering in environmental 
hygiene, Harvard University School of Public Health. 

Dr. Joseph E. Smadel, Associate Director, National Institutes of 
Health. 

Dr. Scott N. Swisher, School of Medicine and Dentistry, Strong 
Memorial Hospital, University of Rochester. 

Col. John M. Talbot, USAF, MC, Secretary, Advisory Panel on 
Medical Sciences, Office of Director of Defense R. & E 


3. Advisory Panel On Psychology And Social Sciences 


Steering grou 


Dr. Dael L. Wolfle, chairman, American Association for the Ad- 
vancement of Science. 

Dr. John L. Kennedy, Department of Psychology, Princeton 
University. 

Dr. Klaus oes Center for International Studies, Princeton 
University. 

a“ Arthur W. Melton, Department of Psychology, University of 

ichigan. 

Dr. Ithiel deSola Pool, Center for International Studies, Massa- 
chusetts Institute of Technology. 

Dr. Charles A. H. Thomson, the Rand Corp. 

Dr. Morris Janowitz, University of Michigan. 


Members: 





Dr, William C, Biel, System Development Corp., Santa Monica, 


alif. 

Dr. Charles W. Bray, the Smithsonian Institution. 

Dr. Leonard Carmichael, the Smithsonian Institution. 

Dr. Leonard S. Cottrell, Jr., Russell Sage Foundation. 

Dr. Phillips Davison, the Rand Corp. 

Dr. Glen Finch, National Research Council, Washington, D.C. 

Dr. Paul M. Fitts, Department of Psychology, University of 
Michigan. 

Dr. Frank A. Geldard, Department of Psychology, University of 
Virginia. 

Dr. Harry F. Harlow, Department of Psychology, University of 
Wisconsin. 

Dr. Roger W. Heyns, Department of Psychology, University of 
Michigan. 

Dr. William A. Hunt, Department of Psychology, Northwestern 
University. 

Dr. Paul M. Linebarger, School of Advanced International 
Studies, Washington, D.C. 

Edwin A. Link, Link Aviation Co. 

Dr. Leonard C. Mead, Department of Psychology, Tufts 
University. 
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Dr. Aaron B. Nadel, General Electric Co. 

Dr. Russell D. O’Neal, Systems Division, Bendix Aviation Corp. 

Dr. Jesse Orlansky, ap & Associates, Stamford, Conn. 

Dr. Henry Riecken, National Science Foundation. 

Dr. John W. Riley, Jr., Department of Sociology, Rutgers 
University. 

Dr. Phillip J. Rulon, Harvard University Graduate School of 
Education. 

Dr. Philip B. Sampson, Department of Psychology, Tufts 
University. 

Dr. Wilbur Schramm, Center for Advanced Study of the Be- 
havioral Sciences, Stanford University. 

Dr. Philip Selznick, Department of Sociology, University of 
California. 

Dr. Carl Pfaffmann, Brown University. 


4. Coordinating Committee on Science [Life Science Members] 


Astronomy and Astrophysics. 
Biology: 
Army: Dr. R. G. H. Siu; alternate, Dr. J. M. Leise. 
Navy: Dr. Roger D. Reid. 
Air Force: Chairman, Dr. A. W. Hetherington. 
Cartography and Geodesy. 
Chemistry. 
Earth Physics. 
Geography. 
Mathematics. 
Mechanics. 
Medicine: 
Army: Brig. Gen. Joseph H. McNinch; alternate, Lt. Col. J. B. 
Hartgering. 
Navy: Chairman, Capt. J. R. Kingston. 
Air Force: Col. Charles H. Roadman. 
Meteorology. 
Oceanography. 
Physics. 
Polar Research and Development. 
Psychology and Social Sciences: 
Army: Dr. L. E. Baker; alternate, Col. Charles W. Hill. 
Navy: Dr. D. D. Smith. 
Air Force: Lt. Col. Donald C. Almy. 


5. NASA-DOD Space Science Committee 


Dr. Homer E. Newell, Jr., Chairman; National Aeronautics and Space 
Administration. 

Dr. J. F. Clark, National Aeronautics and Space Administration. 

Dr. Richard W. Davies, Jet Propulsion Laboratory, California Insti- 
tute of Technology. 

Dr. James B. Edson, Chief Scientist for Missiles, Office, Assistant 
Chief of Staff, Intelligence, Department of the Army. 

Dr. Herbert Friedman, Superintendent, Atmosphere and Astrophys- 
ics Division, Naval Research Laboratory. 
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Stanley M. Greenfield, scientific adviser, Directorate of Research and 
Development. 

Dr. John T. Holloway, Chief, Physical Sciences, Office of Science, 
Office of the Director of Defense Research and Engineering. 

Dr. Frank C. Hoyt, Space Technology, Advanced Research Projects 
Agency/Institute for Defense Analysis. 

Dr. Geoffrey Keller, Program Director for Astronomy, National 
Science Foundation. 

W. J. O’Sallivan, Jr., Langley Research Center, National Aeronau- 
tics and Space Administration. 

John W. Townsend, Jr., Goddard Space Flight Center, National 
Aeronautics and Space Administration. 

Dr. Henry E. Stauss, Secretary, National Aeronautics and Space Ad- 
ministration. 








DEPARTMENT OF THE AIR FORCE 


A. DEPARTMENT OF THE Arr Force Fiscan SUMMARY FOR ABROSPACE 
Revatep Lire Scrence Programs 





Research budget 








TT ee Present 
Installations value of 
Fiseal year | Fiscal year | installation 
1960 1961 
Aerospace Medical Laboratory..........-..-..--.--.+---+-.---- $6, 866, 000 $8, 363, 000 $9, 186, 877 
USAF School of Aviation Medicine...................-.-.-..- 5, 823, 000 5, 300, 000 8, 496, 017 
Aeromedical Field Laboratory~..-..........-------.------... 1, 658, 000 2, 089, 000 7,238, 000 
WPerpciee) LE gihn cosine cn pepnesoareeschadnacettesroding 1, 727, 784 1, 792, 517 779, 897 
Life Sciences Directorate, Air Force Research Division___....- 1, 990, 000 2, 040, 000 joo. ........... 
Biophysics Division, Air Force Special Weapons Center. ..... 745, 000 1, 500, 000 679, 000 
Operational Applications oe See aL el Scta siden scae 1, 321, 000 707, 000 250, 000 
Arctic Aeromedical Laboratory. -..............-+-.-.--......- 895, 000 1, 038, 500 2, 384, 436 
Directorate of Air Force Biosstrommatics, Air Force Ballistic 
DERI DNC RE i cha hewn ckdnecksbevedscudutiiactinba dissec 8, 000 2, 100, 000 |...00-)....... 
Human Engineering Laboratory...........-.-..--.------..-- 478, 000 560, 000 270, 000 
Human Factors Branch, Air Force Flight Test Center_....__- 387, 550, 000 2, 124, 666 
Human Factors Office, Air Proving Ground Center.....--._.. 235, 080 203; 652 10, 000 
——— Equipment Branch, Aeronautical Accessories Labo- 
PURO ad 65in. nhac Shh hehe dow tk dLianthbar<ghh tl 822, 000 922, 000 200, 000 
Pete nnnccccccukl idl dapdinbidebwdntdbladachtdutdabbaed 23, 256, 664 27, 135, 669 31, 618, 893 





B. DepaRTMENT oF THE Arr Force Starring SUMMARY FOR AEROSPACE 
Rexvatep Lire Scrence Programs 





Doctors ! Masters 
Installations Total 
Mili- |Civilian| Mili- 
tary tary 

aes = er Medical Labora- 
ali allt ited anon tesla. 31 41 32 441 

USA School of Aviation 
MEOUICNRG. oi. .tinadde-sdd-ok 73 32 21 296 
Aeromedical Field Laboratory. 59 8 6 115 
Personnel Laboratory-........ 3 25 8 92 

Life Sciences Directorate, AF 
Research Division. -_........ 2 Oi in il Mae ial 8 

Sa aoe tant oma Spe- 
sopase Dee etnaceadlinaiaas 8 1 14 48 

yam = Aprteciond Lab-. 
aK cea oe 1 17 45 

Araicn eromedical Labora- 
SUED . bi Lhbidiidssedaboboe 5 5 2 40 

Directorate of AF Bioastro- 

nautics, AF Ballistic Mis- 
Sie Pht iii sid on 12d 555s h sens 3 6 

Human Engineering Labora- 
RR. APF SRE 2 4 4 23 

Human Factors Branch, AF 
Flight Test Center_......._. i, EOS 5 gy 

Human Factors Office, Air 
Proving Ground Center -_.. 1 2 3 15 

Training Equipment Branch, 

Aeronautical Accessories 
SOE ite aciencihinilicccclentinn bee abtbend u 
Web kkdiccdiakiindicccs 186 139 104 1,147 








1 Includes M.D.’s, Ph. D.’s, dentists, veterinarians. 
3 Includes technicians, stenographers, and other support personnel. 
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C. Lire Scrence Procrams 


1. Aerospace Medical Laboratory, Wrate Air Development Divi- 
sion, Wright-Patterson Air Force Base, Ohio. 


2. USAF School of Aviation Medicine, Aerospace Medical Center, 
Brooks Air Force Base, Tex. 

3. Aeromedical Field Laboratory, Air Force Ballistic Missile De- 
velopment Center, Holloman Air Force Base, N. Mex. 

4. Personnel Laboratory, Directorate of Advanced Systems Tech- 
nology; Wright Air Development Division, Lackland Air Force Base, 

ex 


5. Life Sciences Directorate, Air Force Office of Scientific Re- 
search, Air Foree Research Division, Washington, D.C. 

6. Biophysics Division, Research Directorate, Air Force Special 
Weapons Center, Kirtland Air Force Base, N. Mex. 

7. Operational Applications Laboratory, Air Force Command and 
Control Development Division, L. G. Hanscom Field, Mass. 

8. Arctic Aeromedical Laboratory, Ladd Air Force Base, Alaska. 

9. Directorate of Air Force Bioastronautics, Military Space Sys- 
tems, Air Force Ballistic Missile Division, AF Unit Post Office, 
Angeles, Calif. 

10. Human Engineering Laboratory, Rome Air Development Cen- 
ter, Griffiss Air Force Base, N.Y. : 

11. Human Factors Branch, Air Force Flight Test Center, Di- 
rectorate of Flight Test, Edwards Air Force Base, Calif. 

12. Missile Test and a Support Division, Office of the Staff 
Surgeon, Air Force Missile Test Center, Patrick Air Force Base, Fla. 

13. Human Factors Office, Air Proving Ground Center, Eglin Air 
Force Base, Fla. 

14. Training Equipment Branch, Simulator Research Section, 
Aeronautical Accessories Laboratory, Wright Air Development Divi- 
sion, Wright-Patterson Air Force Base, Ohio. 


1. Arrospace Mepicat Lasoratory, Wricut Arr DrevELOPMENT 
Division, WricHt-—Patrerson Arr Force Base, Ouro 


The Aero Medical Laboratory was established in 1942 as a com- 
ponent of the Air Materiel Command Engineering Division. The 
original efforts were directed toward basic research in biophysics and 
physiology as related to the effects of high altitude and acceleration. 

The mission of the Aerospace Medical Laboratory is to achieve 
maximum effectiveness of man in performing his functions in ad- 
vanced systems. This is being accomplished through research pro- 
grams in the biomedical and behavioral sciences and through research 
on new concepts of equipment for sustaining man under adverse 
environments. 


Current major programs 


The current major research programs are: (1) Research on life 
support systems, (2) Toxicity and health hazards on materials and 
radiation, (3) Acoustic energy control, (4) Human factors in nuclear 
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operations, (5) Human factors in design of training equipment, (6) 
Manning and personnel training requirements, (7) Functional ana- 
logs of living systems, (8) Human performance in advanced sys- 
tems, (9) Acceleration in flight, and (10) Physiology of man in space 
and in isolation. The above programs include both basic and applied 
research, 


Future anticipated major programs through fiscal year 1970 

Future programs will be essentially an extension of the existing 
programs. However, shifts in emphasis will be made to more directly 
support specific advanced systems as the needs become apparent. 


Authority for present and anticipated future programs at the installa- 
tions involved 
Formal authority for the present programs is given in the follow- 
ing U.S. Air Force approved Applied Research Planning Docu- 
ments for program areas: Biologistics, Biomechanics, Radiobiology, 
and Human Performance, and in the Research Planning Objective, 
Biosciences. It is anticipated that future requirements documents 
will be systems oriented to a larger extent. These requirements will 
be stated in terms of the work to be done in support of specific 
advanced systems. 


Suitability of present and planned facilities to the current and as- 
sumed future missions through fiscal year 1970 

In general, the laboratory facilities are adequate to meet its present 

mission responsibilities. A nucleus of five buildings, constructed 

es to meet its functional requirements, house the majority 

of its major research equipment. The anticipated acquisition of a new 


laboratory building, which has been ——_ in the fiscal year 1961 


military construction program will alleviate the present crowded 
conditions in certain parts of the —— facilities and will free 
for its originally intended purpose some laboratory space that has 
had to be used for administration and offices. It is expected that 
a growing research and development oe am = involving manned 
space systems for military purposes would require some major equip- 
ment additions to the present complex. 


If not assigned a mission in support of astronautics, what other roles 
could this organization perform in meeting life sciences research 
requirements of the armed services? 

The Aerospace Medical Laboratory is adequately equipped and 
staffed to continue a progressive program in support of military avia- 
tion; in addition, its aggregate capabilities would lend themselves 
well to a variety of investigations of importance to the Armed Forces 
including the effects of physical stresses on man, and the develop- 
ment of life support and protective equipment for man in a wide 
variety of military environments, 
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FISCAL DATA 


Budget estimates for present and future programs, fiscal years 1960-62 
[In thousands} 


Fiscal year 1960 Fiscal year 1961 Fiscal year 1962 


Program 
Contract | Nonecon- | Contract | Noneon- | Contract} Noncon- 
funds tract funds tract funds ct 


Research on life-support systems... -...--- 
Physiology of man in space and in isola- 


t 
Toxicity and health hazards of materials 
and radiation 
Acoustic energy control 
Functional analogs of living systems. --.-.- 
Human factors in design of training equip- 
ment 
Human performance in advanced systems_ 
Manning and. personnel training require- 
Ecc adiinvnse bodbscohprumetemebapee 
Human factors in nuclear operations 
Acceleration in flight 


Costs of present and anticipated grants and contracts to nongovern- 
mental groups or educational institutions by major categories of 
researc 

The costs of present, contracts to. nongovernmental groups by 
major categories are as follows: Human performance—$1,700,000, 
which includes the areas of human factors in the design of training 
equipment, human performance in advanced systems, and oe 
and personnel training requirements; biologistics—$1,629,000, whic 
includes research on life-support systems, physiology of man in space 
and in isolation, and toxicity and health hazards of materials; bio- 
mechanics—$2,188,000, which ineludes biophysies of flight and 
acoustic energy control; basic research—$675,000, which includes the 
areas of functional analogs of living systems, biophysics research, 
psychological research on human performance, and physiology 
research. 

The cost of present Government contracts in the area of biologistics, 


which includes physiology of man in space and in isolation, is 
$70,000. 


Capital investment in overall plant and equipment, both, at present 
and anticipated for future years through. fiscal year 1970 


Current inventory records show the laboratory holdings are: 


Standard Air Force materiel 
Nonstandard supplies and equipment: 
(a) under $500 items, (estimated) 
(b) $500 and over 
Major research and development installed equipment 


Buildings (initial construction cost, not including real estate 
values) 


Present total physical assets 
Life-support test capsule presently being contractor fabricated 
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Anticipated future requirements. through fiscal year 1961 are rep- 
resented by the military construction program item identified below. 
Its anticipated cost is: 

Fiscal year 1961 military construction program Science Laboratory, 

Medical (310-921): Fully operable, based on accomplished archi- 

tectural design 
Description and costs of present and anticipated future services or 

project awards to other Government agencies for performance, or 
performed at in-house facilities for other Government agencies 
for fiscal year 1960 and fiscal year 1961 

At the present time, the Quartermaster Food and Container Insti- 
tute is conducting a study to determine changes in food acceptability 
as well as the physiological effects produced by food monotony. This 
research has been extended to tisha investigation of consumption 
in more stressful activities and consumption trends of men subsisting 
on a limited variety of repetitively fed canned and dehydrated rations 
for an extended length of time. Further studies will be made on the 
food technology of algae to extend food supplies for space flight 
utilizing the Sorokin strains of CAlorella. Funds in the amount. of 
$70,000 have been allocated to these studies. It is anticipated that 
this work will continue through fiscal year 1961. 

The Army Chemical Center is conducting acute inhalation toxicit 
studies which will facilitate the handling of missile propellants wi 
reasonable safety which is compatible with operational efficiency. 
Funds in the amount of $183,000 have been allocated for this effort. 
It is anticipated that this work will continue through 1961. 

It is anticipated that support will be given NASA in fiscal year 1961 
for on-call work in the areas of noise and vibration, escape-capsule im- 
pact studies, pressure-suit studies, and medical monitoring services for 
these programs. It is estimated that. the.cost involved in these pro- 
grams will be primarily an at approximately the same level 
as that rendered in 1959, which was 20,000 man-hours. 


54232—60—_6 
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Staff breakdown 
DOCTOR OF PHILOSOPHY 


Scientific staff Technical services staff 


Military | Civilian | Total | Military | Civilian | Total 


Psychology 
Physiology 
Physics 
Biochemistry 
Bacteriology 
Pharmacology 
Mathematics 


Food technology 
Industrial psychology 


Flight surgeon... --.....-..-- 
Aviation medical examiner. 
Medical officer, general... 
Internist - - 

General surgeon 
Psychiatrist 

Clinical pathology 
Pathology 

Neuropathology 


DO DC OO Or 


r | ta Voce | Tie | RY esta) | 


MASTER’S DEGREES 


Anthropology 


Biochemistry 
Chemistry 

Clinical psychology 
Electrical engineering 
Mechanical engineer 
Forestry 
Mathematics 
Nutrition 


Physiology 
Psychology 
Physiological optics 
Optometry 

Speech science 


bo BOO BO Te ce Bo BO BD BD RD BD 


a 
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Staff breakdown—Continued 
BAOCHELOR’S DEGREES 













Scientific staff 





Technical services staff 











| RE Pe ET RE PP a tA 
Military | Civilian | Total | Military Civilian | Totai 

15 
jib ckanboded 1 
6 
= 

Physics 
Mechanical engineer. .-......... 13 
Electrical engineer -............ 10 
Anthropology.........--....... 3 
dustrial engineer.............|...-....-. 2 
I CON 35. nite backbeouse 1 
Medical technology -........-.-|.......--- 2 
Clinical psychology -........... 1 
EE, | 1 
pT RES RRS ES | RL ac, 1 
PregmeGienhs... cisecadccctounass 2 
Pharmacology--........-...-... 1 
Editorial scienos .............../..-......- 1 
Home economics. .............. 1 
Mathematics__..............-.- 4 
Os ctntedcticcmtedbdpcciis pintineeinns 1 
TT in.ditinnectokonaaiipinloakameddate 1 
Chemical engineer... .........- 5 
CORI N Da ince on sxeg cage cen latadastneinceciniy eereteaheabitcens 1 
EE ink cece bene cncesentasenchagublinesnswetngibereywen 1 
TRAE cia title teite node chins nihdgdibeee 1 
"TE GE Ga inenecnencd aistdennnccnkinencieaiandasemn ieee 3 
OO. ainehntannnaiadiel 110 


8 







Supporting personnel: 
A.duninistration. ote GRICE .06cceccencecocerentienesneainmmmmpmnod 4 74 
Di isnelOSUS SEDGE. .nn.c ccc cence cnccccenccnkshsetencidnial 35 107 
DOE. dnidinatatehnorabas-ctbntnbibapibynctusebddladtinaihiedpen 39 181 
Total: 
GORRUEEE, x . Scencnntsccedncdinbdndpadccchnepeesngusbabedbuhbuponais “4 243 
poe SUEUR ih vai cele ddninind Laid nnthlinistabbadipadt tle taba s - 
RI DOT CIO. . wenn nenecedocesosodecdeccnnqnccenedbocbaaerrtcanacasaraane 
te cctutnbtbduedacqecoudtdbscbddnccchadé seb ebb deastbinises 143 441 








Major physical resources 


The Aerospace Medical Laboratory, consisting of manana 
staff, operations office, administration and services branch, and eight 
mission branches, occupies 19 buildings at present. Occupancy in two 
of these buildings is on a tenancy basis; six of the buildings are small 
temporary storage huts which are slated for disposal in the near 
future, and the remaining are assigned to and used by the Laboratory 
for direct program activities. 


Square feet of floor space 

The total is 196,128 square feet. 
Special laboratory facilities 

The Laboratory complex includes a specially designed bioacoustics 
research building with a unique 30 by 30 feet anechoic chamber, three 
coupled reverberation rooms, four audiometry labs, two hearing and 


speech communication labs, a histopathology lab, animal ee and 
instrumentation shop among other test areas. Another building has 
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a 30 by 40 feet flotation test pool; a liquid oxygen generation plant, 
helium cryostat, four-man altitude chamber, and related machinery 
and test apparatus for respiration equipment development and test- 
ing. The physiology laboratory (high altitude research building) 
includes a multiple chamber installation capable of plus 100,000 feet 
altitude simulation with coupled auxiliary chambers for explosive 
decompression and up to 24-man crew studies. It also includes fully 
equipped biochemical, bacteriology, radioisotope, nutritional, and 
physiology examination labs. The human thermal tolerance p m 
of the Tabsiators is backed-up by two unique environmental cham- 
bers: one has the capability for programming six broad range vari- 
ables of temperature and altitude, the second 1s an all-weather cham- 
ber capable of a wide range of temperature and humidity conditions. 
The biophysics laboratory building houses a 40-foot boom (20-foot 
radius) 22 g. centrifuge for acceleration research, instrumentation lab 
for advanced telemetry development, an anechoic chamber for isola- 
tion studies, an anthropometric lab, and areas for related research. 
The entire program is supported by a vivarium facility occupying 
space in several buildings which includes animal experimentation 

-ray, surgery, pathology and autopsy labs, plus animal care and 
holding areas. 

Aside from its own facilities, the Laboratory has access to and uses 
many facilities available in the neighboring physical sciences labora- 
tories; notable at present are escape capsule impact studies utilizing 
an inclined drop test facility and the continuous services of the cen- 
tralized major analog/digital computer and data processing facilities 
of the Wright Air Development Division. The latter are available 
for indirect linkage for space simulator programing. 


Special items of research equipment 


The Laboratory’s facilities also include the following major in- 
stalled equipment: a 20-foot. amplitude vertical accelerator; a down- 
ward ejection seat tower utilized for special biodynamic studies; a 
40-foot, 30 g. vertical deceleration tower; another 12-man altitude 
chamber ; a a computer, a mobile acoustics and a mobile micro- 
biology laboratory (two specially equipped semi-trailers for field 
studies) ; and a specially instrumented C-131B aircraft for zero-grav- 
ity and human factors flight experimentation. In addition, a KC-135 
jet aircraft is presently in contractor modification and should be. 
available by July 1, 1960, for more advanced zero-gravity research. 


2. USAF Scroon or Aviation Meprctrne, Arrospace Mepican 
Center, Brooks Arr Force Base, Tex. 


On October 18, 1917, the U.S. War Department issued special 
orders appointing a Medical Research Board. The first action of 
this Board was to establish the Air Service Medical Research 
Laboratory which was activated on January 19, 1918. The Labora- 
sory was moved to Mitchell Field, Long Island; in November 1919, 
and achieved permanent status when it was designated in February 
1921 as a special service school. In November 1922 the name of the 
Laboratory was changed to the School. of Aviation Medicine, thus 
emphasizing its primary purpose as an educational institution. In 
June 1926 the school was transferred from Mitchell Field to Brooks 
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Field, San Antonio, Tex. In October 1931 it was moved again to 
newly activated Randolph Field, northeast of San Antonio. For 
over a quarter of a century it was located at that base, where it over- 
flowed into a random collection of temporary structures during the 
hasty expansion necessitated by World War II. On April 1, 1946, 
the school was transferred administratively to Air University, where 
it became the graduate medical department of that institution. In 
July 1959 the school was moved into new facilities at Brooks Air 
Force Base, where it occupies 5 new buildings and 45 ae 
structures. On October 1, 1959, the school, the USAF Hospi . 
Lackland Air Force Base, and the USAF Epidemiological Labora- 
tory were combined into the USAF Aerospace Medical Center and 
assigned to the Air Training Command. 

Mission 

The mission of the School of Aviation Medicine is threefold: 

(1) Education.—The school’s headquarters at Brooks Air Force 
Base, Tex., establishes the curriculums and conducts graduate courses 
in the specialty of aviation medicine for selected medical officers of 
the USAF and other national defense agencies and medical officers 
of friendly foreign countries. Courses conducted include the primary 
course in aviation medicine; the advanced course in aviation medicine, 
which is the second phase of a 5-year program of academic training 
and supervised practice that leads to the certification of the doctor 
as a specialist in aviation medicine; the flight surgeon’s refresher 
course; the review course in aviation medicine, which is offered to 
medical officers who are preparing to take the annual special Board 
examination; and a course in aerospace medicine for senior allied offi- 
cers, flight nurse course, physiological training officer course, physio- 
logical traini symposium, apprentice aeromedical specialists’ 
course, aeromedical technician course, aeromedical evacuation tech- 
nician course, apprentice physiological training supervisor course, and 
personal equipment maintenance course (Phase II: Pressure Suits). 

(2) Research—In the field of research, the School of Aviation 
Medicine conducts or monitors the conduct of basic and applied 
research in such broad categories as aeromedical training, perceptual 
problems of flight, medical aspects of flying safety, Air Force pre- 
ventive medicine, biological aspects of microwave radiation, matical 
standards in aviation, Air Force clinical medicine, aeromedical prob- 
lems of atomic energy, aviation physiology, and air evacuation. In 
addition, this organization furnishes administrative and peaernes 
support to operational] air forces in field aeromedical research and 
development of crew effectiveness. 

(3) Specialized medical practice.—In the field of specialized medi- 
cal practice, the School of Aviation Medicine practices aviation medi- 
cine to the extent its facilities permit by providing upon request of 
Headquarters, USAF, consultative service for flying personnel with 
difficult, obscure, or borderline diagnostic problems affecting flyi 
status and resolving those problems by authoritative study a 
opinion. 

Current major programs 

The School of Aviation Medicine accomplishes its research mission 

through a vigorous in-house program, as well as by means of con- 
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tract research at civilian universities, industrial organizations and 
nonprofit institutions. The 10 broad project areas: Aeromedical 
Training; Perceptual Problems of Flight; Medical Flying Safety; 
Air Force Preventive Medicine; Medical Standards in Aviation; 
Air Force Clinical Medicine; Aeromedical Problems of Atomic En- 
ergy; Aviation Physiology; Air Evacuation; Bioastronautics; rep- 
resent the framework of the entire in-house and contractual programs. 
These projects are subdivided into 88 specific in-house tasks and 87 
individual separate research contracts with outside institutions. 


Future anticipated major programs through fiscal year 1970 

Efforts in the above-mentioned project areas will be continued in the 
evolution of the School of Aviation Medicine research programs of the 
future, only the emphasis will be shifted. At the present time tech- 
nological advancements in national science indicate deficiencies of 
knowledge in the fields of aeromedical problems of atomic energy and 
radiation biology as well as bioastronautics. It is expected that our 
research efforts will continue to maximize these project areas with an 
increased interest in nuclear propulsion and auxiliary power sources, 
i.e., isotope applications. Continued emphasis will be given to biolog- 
ical dose versus effect and increasing emphasis will be Tinéctid toward 
therapy and protection from ionizing radiation. In bioastronautics 
an increased emphasis will be assigned to closed ecological systems and 
feasibility studies and basic research leading to the development of 
efficient lightweight support equipment, i.e., tissue equivalent cham- 
bers, waste disposal systems, recycling generators, physiological trans- 
mitters, ete. It is anticipated that standardized biological space probes 
will come into being and actual biological data will be determined as 
a result of these investigations. Within this time period it is not 
inconceivable that a biological laboratory will be placed into orbit. 
This will require increased emphasis in bioinstrumentation and data 
accumulation and processing. It will be necessary for both basic and 
applied research to proceed in a concurrent manner so that great 
strides can be made in advancing our technology as it applies to man in 
space, whether it be for peaceful purposes or as a requirement for mili- 
tary reconnaissance and/or surveillance. 


Authority for present and anticipated future programs 

Authority for current research program is contained in appropriate 
project documents (Defense Department Form 613), individually ap- 
proved by Headquarters, U.S. hir Force. This existing authority is 
sufficient to cover the future program as outlined above. 
Suitability of present and planned facilities 

Pending the construction of seven additional permanent structures 
at Brooks Air Force Base, currently in the 1961 military construction 
program, aerospace medical research is presently conducted in four 
of the five buildings within the new complex and in 10 temporary 
buildings rehabilitated for research purposes. The functional capa- 
bility of these research facilities encompasses microbiology-cellular 
biology, pathology, toxicology, pharmacology, astroecology, bioastro- 
nautics radiobiology, physiology, biochemistry, biodynamics,_bio- 
metrics, and all of the clinical medicine disciplines associated with 
aerospace medical research. 
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The Flight Medicine Laboratory, which is the nucleus of the con- 
sultation and clinical research pro of the school, also supports 
the astronaut selection program and the evaluation of all clinical ab- 
normalities of Sang: Derenne! referred to the school. 

The Research Laboratory Shop supports the entire mission of the 
school with its ultra modern instrumentation fabrication and bioelec- 
tronics facilities, i.e., biopacks and bioinstrumentation for space flight. 
This building also houses a complete photography section. Statistical 
support through the use of electronic data processing machines is also 
available here. 

The Altitude Laboratory, the most flexible building within the com- 
plex, supports the entire research and teaching program in altitude 
Physiology and aviation am te, = y research. One of its most unique 
pieces of equipment is the large “E” chamber (20’ x 47’ x 12’). 

The Research Institute contains laboratory space for the majority 
of the scientific disciplines described above. Emphasis is placed on 
applied and fundamental medical research as it pertains to the air- 
man or astronaut and his environment in operational and future ve- 
hicles. The Radiation Section, with its 12,000 curies of cobalt, neu- 
tron generator, and isotope facility, significantly enhances the investi- 
gations into radiation problems of long-term dose versus effect. One 
of the world’s largest primate colonies, devoted exclusively to long- 
term acute and chronic irradiation studies, is readily accessible. 

As future research emphasis turns toward space travel and nuclear 
applications, construction of the seven additional buildings to com- 
plete the Aerospace Medical complex will markedly increase the re- 
search potential in these areas. Programed into this complex is a 
bionucleonics hazards building devoted to nuclear, biological, and 
toxicological research; and a biodynamics-bioastronautics building 
with a small teaching and clinical research centrifuge. In addition, 
a large, flexible bay area will support various space research simula- 
tors, i.e., reaction control simulator, hydroponics studies, disorienta- 
tion tank, ete. 


Additional or other roles in life sciences research requirements of the 
Armed Forces 
In the event that research responsibility in the area of astronautics 
were to be deleted from the mission of this facility, the School of 
Aviation Medicine could adequately continue its research program 
in aviation medicine as it applies to operation of our future weapons 
systems. 


FISCAL DATA 


Budget estimates for present and future programs (fiscal year 1960 
and fiscal year 1961) 

The financial plan for fiscal year 1960 for the School of Aviation 
Medicine’s research program is $5,823,000. Of this total $2,180,000 
is allocated for costs involved in medical research performed by others 
under contract, fund transfer, or inter-agency agreement; $3,643,000 
is allocated for the in-house .research program. In addition, 
$3,250,839 has been allocated in the operation and maintenance ap- 
propriation for Brooks AFB which provides necessary administra- 
tive support to the School of Aviation Medicine. Comparable figures 
for fiscal year 1961 are as follows: Total research and development 
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funding $5,300,000 consisting of $1,900,000 for extramural research 
and $3,400,000 for in-house research costs; $3,179,782 for operation 
and maintenance of Brooks Air Force Base. In addition to the fiscal 
year 1961 funding indicated above, supplemental requests have been 
made for additional funding of $312,605 in the m-house research area 
and $538,810 of operation and maintenance funds. 


Costs of present and anticipated contracts for medical research 

During fiscal year 1960 it is planned to obligate $2,090,000 for 
contractual research to be performed by nongovernmental groups or 
educational institutions. During fiscal year 1961 it is planned to 
obligate $1,854,000 for costs of this nature. 


Capital investment 


The plant valuation of the newly constructed School of Aviation 
Medicine complex at Brooks Air Force Base, including equipment 
permanently installed in the buildings is $8,496,017.75. A detailed 
breakdown of this valuation is shown in a subsequent pee h. 
The value of equipment in use (other than permanently installed 
equipment) is $3,555,187.59, of which $969,247.04 is attributable to 
unit allowance list property and $2,585,940.55 is invested in specially 
authorized—mostly research support—equipment. 


Description and costs of services of other Government agencies 


During fiscal year 1960 SAM will obligate a total of $55,764 for 
transfers of funds and interagency agreements for performance of 
medical research by other Government agencies to further the mission 
of the School of Aviation Medicine ; $35,000 has been advanced to the 
National Bureau of Standards for the conduct of research on the 
physical and chemical properties of materials and equipment used in 
restorative dentistry. This is a continuing program and is included 
in the financial planning for fiscal year 1961. 

Another continuing program is that being performed by the Atomic 
Energy Commission at Oak Ridge, Tenn., involving the maintenance 
and observation of gamma-irradiated burros by the University of 
Tennessee and the Atomic Energy Commission Agriculture Research 
Laboratory. This program costs $10,964 per annum and has been 
included in the financial plan for both fiscal year 1960 and fiscal year 
1961. 

The Armed Forces Institute of Pathology is performing research 
(supported by the School of Aviation Medicine) on the influence of 
reduced oxygen tension upon intermediary metabolism in an effort 
to relate this information to the practical study of hypoxia as a 
causative factor in aircraft accidents. The program cost during 
fiscal year 1960 is $8,800 and will require no further funding. 

Other programs which were fully funded during prior years but 
are still underway include research on the development of simple 
screening procedures for the detection of volatile poisons in bod 
fluids and tissue, by the Armed Forces Institute of Pathology an 
research for design and the construction of a bone conductor sabrat- 


ing unit by the National Bureau of Standards, U.S. Department of 
Commerce. 
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During fiscal year 1960 the Defense Atomic Support ney has 
partially financed a laboratory investigation of the uction of 
chorioretinal injury and protection afforded by photochromic filters. 
This investigation is very closely related to the current in-house and 
contractual program of the School of Aviation Medicine. To date, 
DASA has provided $59,250 for support of this work. 


Interagency personnel loans 


The School of Aviation Medicine research program is not aug- 
mented by borrowed personnel from other Government agencies; on 
the other hand, there are no School of Aviation Medicine staff mem- 
bers on loan to other Government agencies. 


Floor space 


In the new quarters, which it occupies at Brooks Air Force Base, 
the School of Aviation Medicine comprises a total of 50 buildings 
with 500,300 square feet of floor space. Its principal research activi- 
ties are, however, carried out in 5 new permanent structures com- 
prising 152,900 square feet of usable floor space. There is a total of 
55,500 square feet allocated for laboratory use and 69,900 square feet 
for direct laboratory support. 

Special laboratory facilities 
The following special laboratory facilities are used extensively in 
the research program of the School of Aviation Medicine: 
(1) Audiology facilities: 
(a) Anechoic chamber, 10’ x 10’. 
(6) Reverberation chamber, 9’ x 11’. 
(2) Environmental chamber: 
(a) Altitude chamber, twin-animal ; 14’ long x 6’ wide x 8’6” 


high : (2). 
(bd) oe chamber, animal; 7’ long x 6’ wide x 6’6” 
igh: (4 


(c) Rapid decompression chamber, group; 14’ diameter x 40’ 


ong. 
(d) Altitude chamber, human; 30’ long x 8’ wide x 8’ high. 
e) Altitude and positive pressure chamber; 800 cubic feet. 
| f) Portable altitude chamber; 12’6’’ long x 7’ diameter. 
g) 20-man rectangular, altitude chamber ; 2414’ x 8’ x 714’. 
(A) 6-man rectangular, parasite chamber; 1314’ x 6’ x 71’. 
i 4-man rectangular parasite chamber; 1314’ x 6’ x 714’. 
j) 1-man space cabin simulator. 
ty 2-man space cabin simulator. 
7) Altitude and temperature chamber ; 20’ ong x 47’ wide x 
12’ high. Type—Temperature, altitude, humidity. 
Limits—minus 67° F. to plus 150° F.; 10% to 90% 
relative humidity at ground level (through dry bulb 
40° to 110° F.); ground level to 100,000 feet. 
(3) Radiation facilities: 
a) Cobalt 60 irradiation facility. 
b) 260 k.v.p., deep therapy unit. 
c) Neutron generator. 
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Special research equipment, $25,000 or more per item 


In addition, the following items of research equipment with an 
acquisition cost in excess of $25,000 are on hand: 


(1) 14-channel magnetic recording memory unit for digital computer, acquisi- 
tion cost—$50,000. 

(2) Digital computer, acquisition cost—$64,307. 

(3) Analog computer, acquisition cost—$90,000. 


Valuation of newly constructed buildings, School of Aviation Medicine, Brooks 
Air Force Base, Tea. 

Land, improved 

Storm drainage system 

Pavements—bituminous roads 

Parking and storage areas 

Walks 

Buildings, permanent, technical 

Miscellaneous structures’ 2.20 2 ll 

Hxterior water distribution systems 

Exterior sewer system 

Sewage treatment plants 

Exterior overhead electric system 

Pxterior underground electric system 

Exterior gas distribution system 

Boiler plants 

Incinerators 


46, 555. 
8, 496, 017. 75 
Staff breakdown 


Scientific staff Administrative and technical 
support staff 


Military | Civilian | Total | Military | Civilian | Total 


Psychology 
Physiology 


Organic chemistry 
Bacteriology 

Doctor of Medicine: 
Doctor of Medicine : General_......... 
Flight surgeon 

Doctor of Dental Surgery 

Doctor of Dental Medicine 

Doctor of Veterinary Medicine 

Master’s degree: 
Metallurgy-chemist__......... Baie 
Psychology 
Greek-Hebrew (ThM) 


Aeronautical engineering -..- 
Chemistry 

Physio-optics 

Bacteriology 

Biology 

Hospital administration 
Library science 

Audiology 
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Staff breakdown—Continued 


Scientific staff Administrative and technical 
support staff 


Military | Civilian Total | Military | Civilian 


Bachelor degrees 
Subtotal 


Civilian consultants (WAE):! 
DOGtOr Or DEONOMIO. nnn nc cncecedalncqcccueue 
Doctor of Philosophy: 
Psychology 
Physiology 
I i la Mi ena Adin eel 
Biochemistry 
Education 


1“When actually employed,” pertaining to provisions for employment of consultants 
under the civil service system. 


3. AEROMEDICAL Frecp Lasoratory, Arr Force Misstrz DEvELOPMENT 
Center, Hottoman Arr Force Bass, N. Mex. 


The Aeromedical Field Laboratory (AMFL) was established in 
1952 for the study of human tolerance to abrupt accelerations. The 
current mission of the Aeromedical Field Laboratory is to develo 
improved techniques for human factors studies with high speed trac 


testing procedures and instrumentation, to determine human oe: 


ological tolerance to abrupt deceleration, to develop methods and 
procedures for testing biosatellite capsules and components, to main- 
tain adequately conditioned animals for all track, chamber and bio- 
satellite test operations, and to provide pre- and post-test clinical 
evaluation of test animals. 


Current major programs 


The Aeromedical Field Laboratory is currently pursuing programs 
to improve techniques for physiological data acquisition, to determine 
relative biological effect of heavy cosmic particles, to determine toler- 
ance to impact forces, to establish ph siclowical base lines of research 
animals, to determine physiological tolerance to unusual environments, 
to determine capability to perform in unusual environments, and to 
determine biological adequacy of advanced vehicles. In addition to 
the above, the Laboratory has been designated the responsible DOD 
Agency for direction of the NASA Project Mercury animal program. 


Future anticipated major programs through fiscal year 1970 
_(1) mi SOAR (an advanced experimental manned boost-glide 
aircraft) ; 

(2) Supporting and applied research and testing for all manned 
space programs in the Air Research and Development Command 
Applied Research Area. 

Authority for present and anticipated future programs is provided 
by the following approved USAF projects: 

(1) Biomedical Test and Techniques for Advanced Vehicles; 
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(2) Biodynamies of Flight; 

3) Anima] Performance in Space Environments; 

ta} Support of Project Mercury ; 

(5) Future programs will be performed under the above listed 
Projects and/or as directed by Headquarters, ARDC to 
support present planning objectives. 

Suitability of present and planned facilities 

Present facilities lend themselves well to the assigned mission from 
the specialized experimental equipment point of view; however, the 
laboratory staff has outgrown the original laboratory building and 
has had to be housed in other buildings not designed for life sciences 
research and development. It is anticipated that, with a stepped 
up program of aerospace activities, including possible requirements 
for increased support of NASA’s Project Mercury, some additional 
laboratory space will be required for the future. 


Budget estimates for present and future programs 


[In thousands] 


Fiscal] year 1960 | Fiscal year 1961 | Fiscal year 1962 


$705 $1, 110 $1, 635 
953 979 1, 278 


2, 089 2, 913 


1 Funds for contracts and grants. 
* Funds for laboratory operations including staff salaries, travel, etc. 


Present and anticipated grants and contracts to nongovernmental 
groups or educational institutions 

i No present or anticipated grants. 
ght) Present and anticipated contracts for fiscal year 1960 BP-680 

(a) Biomedical test and techniques for advanced vehicles; The ob- 
jective of this project is to insure the biomedical adequacy of systems 
and subsystems intended for space flight, including orbital flight, 
through development of required testing methods, operating tech- 
niques, biophysical measuring techniques and evaluation of post mis- 
sion information. Accurate knowledge of the stress characteristics 
of mammals is a determining factor in the selection of basic desi 
eriteria for space vehicles and for the evaluation of space flight 
hazards. Applied research in the biomedical as of aviation and 
space a must provide data on survival and tolerance limits of 
biological specimens exposed to unusual environments such as high 
and low temperatures, high and low oxygen tension, high concentra- 
tions of carbon dioxide, “G” forces, isolation and motor restriction, 
noise, drugs, exotic fuels and other toxic substances, For fiscal year 
1960 in this project area there are nine contracts, totaling approxi- 
mately $417,780; in addition four additional contracts to be assigned 
will amount to $195,290. 

(6) Animal performance in space environments: The objective of 
this project is to develop equipment for measuring animal perform- 
ance during space flight aod to assess animal behavior as it is affected 
by unusual environments, These environments will include weight- 
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lessness, acceleration, temperature and humidity, isolation and con- 
finement, unusual composition of inspired air and reduced pressures, 
radiation and radiation prophylaxis, noise, vibration, drugs, exotic 
fuels and toxic substances, and other stressful environments. In this 
project area there are two contracts, totaling $160,096 and one antici- 
pated contract for $40,000 for fiscal year 1960. 

(c) Biodynamics of flight: The objective of this project is to deter- 
mine the limits of uninjured survival of the human body to brief appli- 
cations of mechanical force. Accurate knowledge of the dynamic 
stress characteristics of the human body is a determining factor in cri- 
teria for design and specifications of aircraft and space vehicles where 
acceleration, pulsations, impacts and pressure differentials are im- 
posed under normal or emergency conditions of flight at any altitude. 
Applied research in the biodynamies of human Saves in aviation 
and space medicine must provide data on survival and tolerance 
limits for the application of mechanical force to living tissue in the 
form of acceleration, impact (deceleration) and rapid change in 
total pressure (negative and positive) in the range of 10 to 6,000 
cycles per second. These forces are to be investigated both in rela- 
tion to area and axis of orientation. Escape systems for use during 
emergency conditions of flight will be tested for biological adequacy. 
Personal equipment will be tested for biological adequacy in varied 
deceleration patterns. For fiscal year 1960 in this project area there 
are seven contracts totaling about $398,140 and two projects yet to 
be assigned for $100,000. 

3) Anticipated contracts fiscal year 1961, BP-680 funds: 

tn Biomedical test and techniques for advanced vehicles: Con- 
tinued development and improvement of test methods, equipment and 
operational techniques for the evaluation of astronautical systems for 
biomedical adequacy. The ee contracts are proposed : 

a. Ophthalmology, radiographs and hearing study for baseline 
information on subhuman primates. 

b. Carbon dioxide and oxygen toxicity studies on large 
primates. 

c. Development of a 20-channel XY physiological plotter. 

d. Single and multiplace life support systems for sled testing. 

e. Theoretical studies to show normal and limit ranges of 
physiological variables during changing body stress. 

¢ Development techniques to program multichannel physio- 
logical data into automatic data handling computers for analysis 
and easily comprehensible displays. 

g. Development of radiation detection system for space 
vehicles. 

Total amount: $705,000. 

(6) Animal performance in space environment: Development of 
transistorized programing and recording equipment, behavioral re- 
inforcement ee performance parameter investigations and 
simulation studies. New techniques must be explored in an effort to 
further insure performance during certain environmental conditions. 
Refinement and miniaturization of standard laboratory apparatus is 
needed to insure behavioral measurement and minimize weight and 
volume requirements during actual and simulated space flight. 

Total amount, $195,000. 
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(c) Biodynamics of flight: Continued development and improve- 
ment of specialized test equipment and instrumentation necessary 
to evaluate the limits of uninjured survival of the human body to 
brief applications of mechanical force. 

Testing devices such as rocket sleds, centrifuges, abrupt decelera- 
tion devices and pressure chambers are used to investigate human 
tolerance limits. It is imperative that these testing devices and their 
supporting equipment and instrumentation maintain a state of 
development comparable with existing technology. 
otal amount, $210,000. 


Capital investment in overall plant and equipment 


Aeromedical Field Laboratory facilities and equipment_._.___._.._____ 1, 511, 000 
Air Force Missile Development Center support facilities and equip- 
ment used by the Aeromedical Field Laboratory_....._.._..._.____ 5, 727, 000. 


Additional facilities and equipment planned directly for Aero- 
medical Field Laboratory total $5,252,000 by fiscal year 1970. 

Support to NASA in the Mercury program has cost $147,000 in 
fiscal year 1960 and will probably cost a similar amount in fiscal year 
1961. The Aeromedical Field Laboratory has been designated the 
responsible Department of Defense agency for management of the 
NASA Project Mercury animal program. The major objective of the 
program is to develop methods, techniques and procedures for deter- 
mining the biomedical] adequacy of the Project Mercury manned cap- 
sule. Chimpanzee’s physiology, biochemistry, and performance will 
be studied prior to, during, and post launch. A dynamic verification 
of ground, flight, and recovery procedures will be made. Other space 
programs such as the Dyna-Soar and Discoverer will probably place 
requirements causing the additional expenditure of about $100,000. 


Staff breakdown 


Scientific staff 





Technical service 
Staff total 





Military Civilian Military Civilian 





Doetor of Medicine: 
yp 8, Se ee eee are 2 1 
Pathologist_.__-_- ; gtk sehen 1 0 

Doctor of Veterinary Medicine (1 patholo- 


gist, 2 radiologists) ....-- -- chore 7 SB BRR TS Ce aS | Oe 
Doetor of Philosophy, Psychology--.------- 1 2 fate ordre che Sa satende Een aeeihite aiteds 
Master of Science: 
Engineering... .-.....-.--.- a 1 Rie ba bhbb be abneh di Webtegtl donbinkawne 
UNO £22... - Lidde ga ¢5¢-~-inned ot 2 O 222 setback teeth eink catheredens 
PNUD Srinkd sb des conn kevads chien 1 OF) Pbicdssdaucbetehabepatecedicunteda 
ee ai mone 1 Od en dnpemidiantipenndpng taser tinaseotelees 
SRL. 2 cea iaitegs ca sebade ec cek Sige 1 Diet = ot ob ahh be ile dt Bie gcccuwawe 
Medical Illustrator............-.-...-- 0 


Badaier merrecs: tote) sso... ine cccn tha ein ee wes 
Equivalent BS degree, AFIT (Air Force 
Institute of Technology) -........-.....- delet cng tit 1 


Nortr.—Supporting personnel other than above, military and civilian by function: 
Military: 1 scientific aide, 1 courier, 1 supply specialist, 2 administration clerks; 
Civilian: 1 administration officer, 1 librarian, 1 mechanic, 1 supply supervisor, 1 cook, 3 animal 
handlers, 8 secretaries. 


No personnel on loan to or from other Goverment agencies. 



























































—e PE OF oe 


= 


—_ oh oh 2c ee fe 


eo a 





SPACE RESEARCH IN. THE LIFE SCIENCES 87 


Major physical resources 


Square feet of floor space equals 25,372. 

Special laboratory facilities are Vivarium and Daisy Decelerator. 
The Aeromedical Field Laboratory is supported by other test facilities 
such as the 35,000-foot high-speed track, the stratosphere chamber, 
and a computation center. 


Special items of research equipment 


(1) Closed respiration system: Capable of sustaining life in large 
primates for O, (uty gett) toxicity studies, temperature and humidity 
studies, and animal performance in altered environments. 

(2) Underwater decelerator tank. 

(3) Rapid-cycling pressure chamber. 

(4) Sonic wind blast sled 1 and 2. Sled No. 1 designed for decelera- 
tion studies up to 200 g.; sled No. 2 designed for high speed, to mach 2. 

(5) Physiological Sita acquisition system (flight qualified) telem- 
etry system to transmit electrocardiogram, temperature, etc., to 
ground station with digital and analog readout. 

(6) Cosmic radiation counter: Suitable for satellite flight with 
capability to telemeter information on “hits” to ground station. 

(7) Daisy decelerator sleds 2 and 3: Sled No. 2 designed to study 
impact forces (animals only). Sled No. 3 designed to study impact 
forces, forward and rear facing (human). 

(8) Lockheed sled: Lightweight, high speed, small payload for use 
with high-speed track. 


4. PersonNEL Laporatory, DrrecroraTe or ADVANCED Systems TECH- 


noLocy, Wrient Arr DevELopMENT Division, Lackitanp Arr Force 
Basg, Tex. 


The Personnel Laboratory has a continuous history with the Psycho- 
logical Research Units established early in World War II in the Arm 
Air Forces for the purpose of selecting and classifying aircrews. It 
continued under Air Training Command with the added function of 
classifying enlisted personnel; under the Human Resources Research 
Center of the Air Training Command with an expanded mission; 
under the Air Force Personnel and Training Research Center of the 
Air Research and Development Command; and in its present status 
since January 1, 1958. 

The mission of the Personnel Labvratory is to conduct research and 
development in support of the operation and qualitative improvement 
of the Air Force Personnel System. This includes the development 
and evaluation of concepts and techniques concerned with the func- 
tional areas of personnel requirements, procurement, classification, 
training assignment, utilization, proficiency measurement, promotion, 
retention, separation, and accounting. 

Current major programs 


(1) Occupational analysis: Planning and conducting psychologi- 
cal research on occupational analysis of Air Force jobs and on allied 
problems in order to increase the effectiveness of personnel utilization 


through improved position and qualification analysis and job 
definition, 
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(2) Airman proficiency tests: Conducting research and develop- 
ment to insure the production, administration, and analysis of Airman 
Proficiency Tests and Air Force Job Knowledge Tests; monitoring 
the airman proficiency testing program. 

(3) Adaptability, quality, and personnel evaluation research : Con- 
ducting research and develanenet on the assessment and prediction 
of adaptability to Air Force life, including the identification, measure- 
ment, and evaluation of motivation, morale, aptitudinal, situational, 
and personal factors as they relate to personnel utilization, retention, 
and performance. 

(4) Selection and classification: Planning and conducting psycho- 
logical research for the purpose of development of and/or improve- 
ment of selection, classification, and evaluation devices for Air Force 
personnel. 

(5) Statistical methodology: Accomplishing research in statistical, 
mathematical, and computational methodology with emphasis on ap- 
plication of these techniques to psychological research. 


Future anticipated major programs through fiscal year 1970. 

Future programs through fiscal year 1970 are expected to be in the 
same general areas specified above : 

(1) The oceupational analysis research program is in its initial 
stages. It is expected to progress rapidly in the areas of position 
analysis, work systems analysis, and qualifications analysis. 

(2) The airman proficiency test development program is primarily 
an operational support activity and is programed for continuation 
in essentially its present pattern, adjusting as needed to changes in 
Air Force job structures. 

(3) Adaptability and quality evaluation research has made prog- 
ress in identifying personnel least adaptable to Air Force require- 
ments, and plans call for a relative increase ‘in efforts in this area. 

(4) Selection and classification research and development is a well- 
established program. Efforts between now and fiscal year 1970 will be 
devoted to keeping current with Air Force needs, including the devel- 
opment of new measures and measures in new areas as required. 

(5) Developments in statistical methodology are programed in the 
areas of mathematical models and simulation of personnel systems 
as management tools, as well as improved, high-speed personnel re- 
search statistics. 


Authority for present and anticipated programs 


(1) Authority for current and programed research and wes 
ment lies in the following Headquarters, USAF-directed, ARDC- 
approved projects: 
(a) Operational Selection and Classification Tests for Air 
Force Personnel ; 
(6) Development of Procedures for Selection, Classification, 
Retention, and Utilization of Personnel ; 
(ec) Development of Methods for Describing, Evaluating, and 
Structuring Air Force Occupations. 

(2) In addition, various Headquarters, USAF regulations and 
manuals direct the Personnel Laboratory to accomplish portions of 
the research and development activities required in the above-cited 
projects. 
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Suitability of present and planned facilities to current and assumed 
future missions through fiscal year 1970 
Present and planned facilities are deemed to be adequate throu 


h 
fiscal year 1970 for the mission of the laboratory as Pari a 
programed. 


Possible mission of personnel laboratory in support of life science 
research requirements 


(1) To a great extent personnel technical developments for which 
AMFL is presently responsible, and which provide direct support to 
various system requirements for missiles and space vehicles, are not 
peculiar to specific systems. Certain developments may be relevant 
to specific subsystems common to several systems; e.g., knowing the 
aptitude requirements for proper maintenance of an electronic sub- 
system of one missile will permit reasonable prediction of the aptitude 
requirements of a future missile or space system using similar elec- 
tronic gear. Other developments may be relevant to operational use 
of more than one planned system. For example, technical develop- 
ment in the areas of motivation and morale of personnel working in 
deprived and limited environments will be applicable across many sys- 
tems. Similarly, the inclusion of missile systems just coming into 
being in our occupational analysis development activities should yield 
improved techniques which can be utilized by personnel responsible for 
establishing qualitative personnel requirements procedures. In brief, 
by working with missile systems just becoming operational the lab- 
oratory will provide the kinds of projections needed for future missile 
and space vehicles. Specific possible programs for the immediate fu- 
ture are described below. 

(2) Aptitude requirements: (a) Continued study is necessary to 
determine whether any aptitudes not currently measured by Air Force 
tests will be required in either the maintenance or operation of any 
missile, or whether certain aptitudes become much more important. 
Just as the present pilot stanine has somewhat different characteris- 
tics from the World War II pilot stanine, the missile maintenance 
and operator aptitude requirements may well have special character- 
istics. These characteristics cannot initially be forecast. with accu- 
racy. By working with systems soon to be operational, the estimation 
of requirements for future systems can be greatly improved. 

(6) The necessity for investigation of the aptitudinal character- 
istics of personnel associated with the new systems is highlighted 
by a review of previous QPRI (qualitative personnel requirements) 
materials. Factual bases for assignment of minimum aptitude levels 
for certain jobs did not exist at the time the levels were recom- 
mended; assigned levels were educated guesses. There is a natural 
tendency to specify a higher level of aptitude than may actually 
be required, because the penalty for error is severe. As experience 
with a system grows the judgment of workers intimately associated 
with such weapons becomes more objective and realistic, but the 
percolation of such information through the Air Force personnel 
system is slow. The establishment of proper minimum levels can 
be accelerated through planned investigation of the aptitude char- 
acteristics and job-adequacy of incumbent personnel. It is quite im- 
portant that the minimum aptitude levels appropriate for such 


weapon systems positions be established objectively and early if 
5423260-——7 
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the most efficient use of personnel is to be made. The complex 
equation of equipment design suitable for a by persons of 
the aptitude characteristics of the average Air Force enlisted man 
or officer, after a training period that does not exceed economic 
limits of time, materiel, and money, can only be solved by intensive 
investigation of the currently “operational” situation. 

(3) Motivation, morale, and productivity: (a) The geographical 
isolation and austere living conditions associated with some missile 
sites, the necessity for long duty tours within this type of environ- 
ment, the routine tasks that will be called for in maintaining equip- 
ment, the work shifts, and proximity to explosive or highly flammable 
materials provide a potential source for morale and retention prob- 
lems among missile personnel. There are several approaches to the 
reduction of these problems: 

1. Differential selection procedures: The selection of career 
personnel most likely to adjust to conditions associated with 
missile environments represents one of the most promising ap- 
proaches to the morale problem. Past research in personnel 
retention, as well as research on adjustment to isolated sites 
among Air Control and Warning System and Airways and Air 
Communications Service personnel indicates that it may be possi- 
ble to develop a device to optimize retainability, productivity, 
and high morale among missile personnel through the selection 
of individuals for assignment to missile training. 

2. Unit assembly procedures: The formation of groups for 
compatability becomes particularly crucial among individuals as- 
signed together for long periods of time in deprived areas. The 


research literature suggests that some of the parameters for group 
adjustment and morale are known. It would appear worthwhile 
to gain increased knowledge of characteristics relating to group 
adjustment, and to determine the possibility of organizing groups 
to maximize morale. 

3. Orientation procedures: The aay eae that personnel re- 


ceive prior to assignments should be related to later adjustment 
and morale. Indoctrination may include such considerations as 
effective use of leisure time, techniques for reducing discomfort 
induced by severe conditions, developing espirit de corps, and 
the feeling of doing something important in the national interest. 
Research would permit experimental evaluations of indoctrina- 
tion methods as techniques for increasing morale among isolated 
personnel. 

4. Organizational or administrative procedures: A considerable 
body of knowledge is available concerning leadership, organiza- 
tional, and administrative factors as they affect morale at socially 
and geographically deprived locations. While new development 
efforts do not appear to be called for at this time, there is a need 
to organize relevant information obtained from Strategic Air 
Command, Air Defense Command, and Military. Air Transport 
Service in their experiences with units located at geographically 
remote stations. 

(6) Possible developments include the following: 

1. In the development of selection devices, the first step would 

consist of identifying the major factors associated with reten- 
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tion, morale, and productivity, among groups stationed at. geo- 
graphically isolated sites. The second step would involve the 
development of tests (biographical, interest, or attitude) measur- 
ing the attributes found relevant for morale productivity, and 
retention at isolated sites. This would be followed by the col- 
lection of test data for personnel presently stationed at isolated 
sites, in the missile-training pipeline, and in the population 
reservoirs from which missile trainees will be selected. Valida- 
tion of the tests developed would occur as retention, performance, 
and morale criteria are collected over time, 

2. Sociometric data collected in conjunction with morale and 
retention research conducted at isolated sites (see sub paragraph 
above) would be analyzed to determine the characteristics asso- 
ciated with group acceptability and rejection. Additional studies 
involving unit assembly could be initiated dependent on the suc- 
cessful identification of the characteristics described above. 

8. Orientation techniques could be initially studied using 

roups of basic trainees. Willingness to volunteer for isolated 
i might serve as a criterion for evaluation of different 
methods. 

4. A review of the literature, and additional information from 
Air Force commands who have faced organizational and admini- 
trative problems in isolated sites would be accomplished. This 
would provide useful information for commanders of new units. 

(4) Occupational analysis developments: (a) The Laboratory pro- 
gram in occupational analysis can be applied to the space and missile 
area by including missile positions in some studies now being ini- 
tiated. An example is the development of occupational analysis in- 
formation from characteristics of equipment. This study could 
concentrate on existing missile systems to provide a systematic basis 
for describing equipment oriented work activity. Findings should 
have inputs to QPRI activities in the missile area. 

(b) Other programed studies can integrate the collection of data 
from the training and practice bases set up for the Snark, Atlas, Titan, 
and Thor missiles. These are: (1) development of standardized 
procedures for establishing lists of crit:cal Air Force jobs for qualifica- 
tions studies; (2) development of procedures for inferring qualifica- 
tions needed for performing specific Air Force jobs; (3) development 
of standardized methods of providing job requirements information 
by inference from the characteristics of successful incumbents; and 
(4) development of standardized followup techniques to determine 
the effectiveness of qualifications recommendations. This program 
would consist of observation of missile maintenance and operational 
launch practices aimed at identifying positions which contain tasks 
requiring uncommon or critical qualifications; and would be imple- 
mented and extended by establishing methods for discovering such 
quale from the tasks performed, both as stated in appropriate 

ocuments and as actually observed. The program atl involve 
analysis of the capabilities, training, and experience of incumbents 
to determine whether the assumed requirements of tasks are real and 
would interrelate these findings with career progression. 

(5) Other technical development activities with implications for 
future space systems: (a) Information on aptitude distributions in the 
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present Air Force population and especially those who plan to make 
a career of the service, by Air Force Specialty Code, will be useful in 
weapons system development. 

(6) Information on the relationship of Air Force aptitude indices 
to civilian tests and norms, and to civilian jobs and job levels, will 
be particularly valuable to Air Force contractors concerned with 
designing equipment for optimal operation and maintenance. 

(ce) information on trends in aptitudes and education of future 
airmen is essential for system planning. The knowledge and skills 
brought to service by incoming airmen may be exploited only by 
training based on these skills. This area divides into three phases 
so far as research is concerned, First is an assessment of the degree 
to which possession of certain educational skills enhance success in 
current training programs; second is the determination of the propor- 
tions of incoming airmen who will possess such academic training; 
third, the charting of the aptitudes which will be held by the in- 
coming group will be of importance in the design of systems as well 
as in the establishment of curricula in the schools. 

(6) Summary statement: The preceding paragraphs outline a 
possible long range program for the Personnel Laboratory in support 
of future missile and space systems. It will have been apparent that 
personnel system development in support of future weapons is 
achieved through investigation of current systems and those just 
becoming operational. The outcomes of these investigations are 
projections, estimates, and tentative procedures which are applied to 
newer systems, tested on them, and refined for application to still 
newer weapons systems. Through this series of successive approxi- 
mations the Laboratory could provide personnel system support for 
the advanced weapons now in early planning stages. 


FISCAL DATA 


Budget estimates for present and future programs (fiscal year 
1960-62) 


ei 
Civilian personnel 
TDY Travel 
Supplies and equipment 
Miscellaneous contracts 
EDPS rental 
Modification of equipment .-_..-- 
Major repair and rehabilitation. 
Printing and reproduction 
Office machine rental..._....- iis tah «cigs ube an be Sebeiees 


1 P-690—maintenance and operations funds, including pay of laboratory staff, travel, etc. 
2 P-680—funds for contracts and grants. 
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Contracts to nongovernmental groups or educational institutions 


[In thousands] 


(1) Operational Support Development -_----_-................ 
(2) Applied meseeeeh. 


Capital investment in overall plans and equipment, both at present 
and anticipated for future years to fiscal year 1970 
(1) Building for laboratory : $432,745 (present). 
2) Property and equipment: $347,152 (present). 
3) Records archives, approximately 18,000 square feet, permanent : 
$281,000 (proposed). 


Present and anticipated services to other Government agencies for 


performances or performed at in-house facilities for other Gov- 
ernment agencies 
None. 
Staff breakdown 


(1) Scientific staff 
Technical services 


Total 
(2) Education: 
(a) Doctor of philosophy : 
Psychology 
Education 


Master’s degree : 
Psychology 
Social science 
Mathematics 
Sociology 
Education 


Bachelor’s degree : 
Psychology 
Mathematics_ 


Accounting 

Military science 
Business administration 
Mathematical 
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Support personnel 


Civilians Airmen 


Administration _....... 

Mail and records_..-. 

Poronmel.....3.....--.:- ib idbebtdtsosbhBawk bibl od de cloekee 
I i eet eas ainiiaimdiiasns ouaers Z Bee en 
ee enn de id pnp dmansdasenaesumalan + kettt eee 


Total 





Personnel on loan to other Government agencies 
(1) Number: Three. 
(2) Type: 1 civilian psychologist; 1 officer (Capt., psychologist) ; 
1 airman (T/Set. j 
(3) Education Psychology and Aptitude Test Development Team 
on temporary duty to the Military Assistance Advisory Group, Tokyo, 
Japan, to study the present Japanese Air Self Defense Force 
(JASDF) testing program and to assist JASDF personnel in de- 
veloping adequate tests to measure such factors as ability, aptitude, 
perception, achievement, motivation, and personality within J ASDF. 
(4) Reason: Directive from Hq USAF. 
Major physical resources 
(a) Square feet of floor space: 
(1) Laboratory: 49,889 square feet. 
(2) Records archives: 19,916 square feet. 
(3) Airmen barracks (2): 12,880 square feet each, for total 
of 25,760 square feet. 
(6) Special laboratory facilities: 
(1) Dormitory space for fifty (50) subject matter specialists 
on temporary duty at the Laboratory at regular intervals. 
(2) Test rooms (2) for experimental testing, total of 4,642 
square feet. 
&) Records archives for storage of test materials. 
(c) Special items of research equipment ($25,000 or more per 
item) : 


ta} Analog computer equipment: $34,141, 
2) (See paragraph above for EAM equipment.) 


5. Lore Scrences Direcrorate, Arr Force Orrice or Screntiric 
Reszarcu, Air Force Resgarcu Division, Wasuineron, D.C. 


The Life Sciences Directorate of the Air Force Office of Scientific 
Research was established in the spring of 1956. It has contained 
from its origin two divisions: One, the Biological Sciences Division, 
was formerly called the Aeromedical Division, and two, the Behav- 
ioral Sciences Division. The Directorate of Life Sciences has as its 
mission the development of knowledge which will be useful to the 
Air Force in the field of improved human performance, and through 
the application of biological knowledge to the development of better 
Air Force systems. 

The purpose of life sciences research is to develop knowledge 
which will permit identification, analysis and prediction with re- 
gard to those aspects of human nature and behavior which are 
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critical to the effective use of human operators in the Air Force now 
and in future air and space assignments. The frontiers of knowledge 
in the disciplines of physiology, biochemistry, pharmacology and 
other biological specialities and in the fields of psychology, anthro- 
pology, sociology, and psychiatry, are explored to produce information 
vital to the solution of Air Force human factors problems. 

This effort should provide fundamental knowledge, concepts, theo- 
ries, and methodologies applicable to the integration of human bein 
into increasingly complex Air Force vehicles and systems. It should 
permit the improved organization and performance of crews and work 
units. It should provide for the continuing advancement of human 
performance in intellectual and nonintellectual roles. It should pro- 
vide information which will facilitate the design of superior Air Force 
systems through a better understanding of the human capacities and 
limits. Finally, it should provide improved knowledge of environ- 
ments in whieh Air Force personnel will operate including normal 
working environments and those characterized by the stresses of space 
flight, requirements for extended monitoring of equipment, and an 
understanding of the degradation of human performance over time 
due to the influence of all relevant factors. 

Current major programs 
(1) Biological Sciences Division : 
(a) Brain mechanisms. 
ty Environmental tolerance. 
c) Molecular biology. 
(d) Communications biophysics. 
(e) Biosynthetic mechanisms. 
ehavioral Sciences Division: 
(a) Behavioral aspects of man-machine systems. 
(>) Research on crew and unit organization and performance. 
(c) Psychological factors in human performance. 
(2d) Research on environmental and occupational] stress, 
(e) Research on AF intelligence personnel responsibilities. 


(f) Research on models for computer analysis of human factor 
problems. 


Future anticipated major problems through fiscal year 1970 

In the area of biological sciences, it is a that the program 
will be expanded to include studies in the following areas: Central 
nervous control of cardiovascular response, animal orientation and 
navigation, temperature regulation, biochemical genetics. 

In the behavioral sciences, it is believed that current tasks are of 
sufficient breadth to permit expansion and extension to cover all areas 
of basic research interest of the Air Force through fiscal year 1970. 
Areas which should receive added attention are those concerned with 
the use of modern cybernetic equipment to program complex opera- 
tions involving simulation, testing and evaluation through com- 
puterized systems or models of systems. 


Authority for present and anticipated future programs 


_ Air Research and Development Command Research Planning Ob- 
jective for Biosciences, dated July 1958. 
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Suitability of present and planned facilities to the current and as- 
sumed future missions through fiscal 1970 
Current—adequate. 
Future—good. 


Roles other than astronuatics which organization could perform in 
meeting life sciences research requirements of the armed services 
Since mission is basic research, the product has servicewide utility. 


FISCAL DATA 


Budget estimates for present and future programs (fiscal years 1960-62) 


Biosciences Division : 

Fiscal year 1960 

Fiscal year 1961 

Fiscal year 1962 
Behavioral Sciences Division: 

Fiscal year 1 

Fiscal year 1961 

Fiscal year 1962 


Costs of present and anticipated grants and contracts to nongovern- 
mental groups or Sicsaienar institutions by major categories 
(1) Biological Sciences Division 

(a) Brain mechanisms: The objective of this task is to understand 
better the intricate neural and humoral integrating mechanisms that 
form the basis for human behavior and performance and are inti- 
mately involved in the adjustment that man must make to unusual 
environments. Current annual cost: $295,000. 

(6) Environmental tolerance: The objective of this task is to fur- 
ther fundamental knowledge of the physiological and biochemical 
characteristics of those aspects of the human organism that are criti- 
cally stressed by the physical and social environment of Air Force 
operations. Current annual cost: $385,000. 

(c) Molecular biology: The objective of this task is to support a 
program of fundamental research on those aspects of molecular and 
cellular biology which are basic to understanding the critical problems 
in man’s psychological and physiological adjustments. Current an- 
nual cost : $200,000. 

(d) Communications biophysics: The objective of this task is to 
analyze the sensory, communication and transmission aspects of bio- 
logical systems by the techniques of anatomy, physiology, physics, 
mathematics, and psychology in order to discover unique principles in 
their operation which may be applicable to communication and com- 
puter engineering. Current annual cost: $85,000. 

(e) Biosynthetic mechanisms: To elucidate the processes by which 
complex and energy-rich substances are synthesized by plants and 
animals; to understand the control mechanisms responsible for the 
remarkable specificity and efficiency of these syntheses; and to exploit 
such techniques for laboratory or large-scale production of these or 
similar compounds. Current annual cost: $85,000. 


(2) Behavioral Sciences Division 


(a) Behavioral aspects of man-machine systems: Research to pro- 
vide basic knowledge concerning the man-machine interactive proc- 
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ess, with special reference to the proper design, development and 
effective use of complex man-machine Air Force weapon and space 
systems, Current annual cost: $150,000. 

(6) Crew and unit organization and performance: Investigation of 
interpersonal factors affecting the selection, leadership, morale and 
effective performance of crews and units in strange ground or aero- 
space environments. Current annual cost: $250,000. 

(c) Phychological factors in human performance: Research to cre- 
ate new techniques for sustaining and improving the performance of 
Air Force personnel in coping with increasingly complex weapons 
and equipment operated in unusual situations. Current annual cost: 
$300,000. 

(d) Research on environmental and occupational stress: Provide 
an understanding of the effects of specific environmental stresses such 
as isolation, sensory deprivation, and restricted personal contacts 
upon duty performance. Current annual cost: $100,000, 

(e) Air Force intelligence personnel responsibilities: Discovery 
of new techniques for effective use of personnel in the collection and 
analysis of information and the protection of personnel against 
enemy subversion. Current annual cost: $100,000. 

(f) Models for computer analysis of human factor problems: Basic 
knowledge in the behavioral sciences in the area of the rapid and 
reliable measurement and prediction of the reaction of foreign 
peoples to air weapon development and other Air Force activities. 
Current annual cost: $75,000. 

Capital investment in overall plant and equipment, both at present 
and anticipated for future years through fiscal year 1970: None. 

Description and costs of present and anticipated future services 
or project awards to other Government agencies for performance, or 
performed at in-house facilities for other Government agencies for 
fiscal year 1960 and fiscal year 1961: None, 


Staff breakdown 


Scientific staff 


Military Civilian Military 


Doctor of icine: Radiobiology. 
Total: 6 staff scientists at 
doctorate level. 


Number and types of personnel on loan to other Government agencies 
or on loan from other Government agencies 
None. 


Major physical resources 


Square feet of floor space: 1,500 square feet. 
Special laboratory facilities: None. 
Special items of research equipment: None. 
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6. Broprysics Drviston, Researcu Drrecrorate, Air Force Specia 
Weapons Center, Kirtuanp Air Force Base, N. Mex. 


The Biophysics Division was organized at the Air Force Special 
Weapons Center, Kirtland Air Force Base, N. Mex., in September 
1954 and assigned to the Research Directorate. The mission of 
the Biophysics Division is to determine the effects of ionizing radia- 
tion on personnel and develop a philosophy of operation so that the 
Air Force can remain ODA nAT in spite of a nuclear environment. 
Current major programs 

(1) Delineate personnel hazards associated with reactors such as 
ANP (aircraft nuclear propulsion project), SNAP (systems for nu- 
clear auxiliary power), ROVER (nuclear powered rocket proiect); 
PLUTO (nuclear powered ramjet project—same as USAF’ project 
SLAM); and design appropriate countermeasures to insure safe 
operations. 

(2) Investigate personnel hazards from ionizing radiations in 
ambient space and recommend a philosophy of operation to insure 
bioastronautical safety. 

(3) Continue research of nuclear weapon effects for interpretation 
of personnel hazards from close-in operations, plutonium inhalation, 
tritium dispersion and uptake, peacetime nuclear weapons accidents, 
neutron detection, relative biological effects of ionizing radiations, 
remote decontamination of large land areas, low-level strataspheric 
contamination, free-field radiation behavior, neuropsychological 
effects of irradiation, rate of biological recovery from ionizing radia- 
tions, and such other radiation experiments with biological specimens 
and plastic manikins as necessary to extrapolate to man the hazards 
associated with nuclear weapon operations. 

(4) Perform such research, development, and evaluation as is neces- 
sary to standardize radiac instrumentation for the USAF use in opera- 
tional and laboratory research situations. 


Future anticipated major programs through fiscal year 1970 


(1) Nuclear propulsion systems envisioned for Air Force applica- 
tion are now all in the developmental stage and will not become opera- 
tional for some years in the future. A continuing hazard evaluation 
of each system will be required in order to permit a realistic evaluation 
of adequate safety procedures and accident countermeasure techniques 
appropriate to each phase in the system’s development. Such a pro- 
gram will involve assessment of hazards during test phases, during 
preoperational testing of system prototypes, and for the fully devel- 
oped system itself and will extend well beyond 1970. When the num- 
ber and variety of systems are considered and the reappraisals that 
modifications in design will demand, this program is conceived as a 
continuing one. 

(2) Determination of the radiation hazards of the space environ- 
ment with emphasis on accurate measurements of radiation doses in 
human phantom simulators. The proposed program in this area, is 
to launch tissue-equivalent plastic ionizing radiation detectors in pro- 
— flights into the higher altitudes and ultimately into space. 

resently the Division working on balloon flights to 145,000 feet, 
Discoverer satellites in a north-south orbit, Atlas piggyback flights, 
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and high-altitude sounding rockets into and beyond the Van Allen 
Belts. With added time and experience, it is planned to graduate 
from simple ionization chambers into full-sized tissue-equivalent 
plastic manikins complete with organs and skeleton. The realization 
of suitable solutions to these existing problems will carry well beyond 
fiscal year 1970. 

(3) Investigations of the biomedical effects of nuclear weapons: 
By no stretch of the imagination have all problems associated with the 
use of nuclear weapons been solved, nor will they be in the next 10 
years. With the declared moratorium in existence, laboratory meth- 
ods of stimulating nuclear weapon radiation phenomena must be 
explored so that the many unsolved problems of nuclear weapons 
effects on man may be studied. As man progresses to ever higher 
altitudes and into space, the known radiation hazards from nuclear 
weapon detonations in the sensible atmosphere again become un- 
known. Little is known of weapon phenomenology as a function of 
altitude in the higher altitudes, subspace, and space. Simulated wea- 

on detonation under essentially vacuum conditions must be explored. 

o define these problems and effect solutions that will support Air 
Force operations in these environments will require a concerted effort 
through fiscal year 1970. 

(4) There can be no end to radiae instrumentation development 
within the next 10 years. As new environments are explored, so must 
innovations be made to our existing radiac instrumentation. The 
biggest radiation problem in the immediate future is in neutron dosim- 
etry. This problem promises to be paramount until fiscal year 1965. 
By then, the Air Force may be routinely operating above the sensible 
atmosphere and solar radiation will invoke new problems in radiation 
detection, and measurement. To fully understand these radiations and 
their effect on man, new instrumentation or exotic changes to existing 
instruments will be the order of the day. These problems conceivably 
will be of considerable magnitude through fiscal year 1970. 


Authority for present and anticipated future programs of the bio- 
physics division 
All projects currently in progress are based on USAF requirements 
and are approved by Headquarters, Air Research and Development 
Command. Anticipated future projects are based on existing as 
well predicted AF requirements. 


Suitability of present and planned facilities to the current and assumed 
future missions of this organization through fiscal year 1970 

In general, the exatig and planned facilities are adequate for the 
assumed progray for the future. Already the shift in emphasis 
from nuclear weapons to nuclear propulsion systems and bioastro- 
nautical investigations has been felt. As the emphasis continues to 
change existing facilities will be realined accordingly. Programed 
in fiscal year 1962 is a Whole Body Counting Facility. Whole body 
spectroanalyses can then be carried out for the first time within the 
Air Force. In the embryo stage at this time is a plan to build a 
facility to undertake long-term animal experiments on inhalation 
hazards from mixed fission products. These experiments would be 
geared primarily to reactor operations. The program will not get 
underway before fiscal year 1963 and the experimentation will run 
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at least until fiscal year 1978. Since weapon simulation techniques 
must be further refined if additional information is to be gained 
during the moratorium, means of simulation must be investigated 
for establishing a program to build these simulation techniques into 
reality. The first area of concern is high altitude effects data, either 
with balloons with a test reactor, or a test reactor in an evacuated 
chamber. Other than these proposed facilities existing facilities 
are adequate. 
FISCAL DATA 


Budget estimates for present and future programs 


During fiscal year 1960 contractual effort conducted under Divi- 
sion direction or guidance will amount to $745,000. Fscal year 1961 
anticipates that this figure will approach $1.5 million because of 
increased effort on reactor hazards, bioastronautical investigations, 
and a specific weapon-burning test to be conducted with $300,000 of 
Defense Atomic Support Agency funds. Im fiscal year 1962 the 
proposed contract budget is $1.2 million. The funds for laboratory 
operation, including staff salaries, travel, etc., programed for fiscal 
year 1960 are $210,000 with an increase to $322,000 for fiscal year 1961 
and a drop to $308,000 for fiscal year 1962. The Whole Body Count- 
ing Facility has been programed for fiscal year 1962 at a cost of 
$180,000 military construction program funds. 


Costs of present and anticipated grants and contracts to non-govern- 
mental groups or educational institutions by major categories of 
research 

No grants will be given to any non-Government groups or educa- 
tional institutions. 
Contract funds 


Program area Fiscal year | Fiscal year 
1960 1961 1962 





1. Reactor hazards and control measures._...................- ‘ $542, 000 
2. Nuclear radiation hazards 5 250; 500 
3. Ionizing radiation hazards to personnel 5 110, 000 
4. Personnel hazards from ambient space radiation 175, 000 


1,077, 500 
Capital investment in overall plant and equipment 


Facilities Equipment 
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Description and costs of present and anticipated future services of 
project awards to other Government agencies for performance or 
performed at in-house facilities for other Government agencies for 
fiscal year 1960 and fiscal year 1961 


(1) Biophysics work to other Government agencies (Atomic Energy 
Commission) : 
Wises! yoo? 10006 206 oii tl eee eee $157, 381 
Wineal yaar 108) ides—-e-S hi t let bb ete ee 
(2) Work done for other in-house (Atomic Energy Commission) : 
en, VE oI  einene whtinne-naverrtemaeientib itemetinmeese sata dinaniesidin 5, 500 
EER FORT BOON ott se eadieh SE Bei ns epee nena ae 6, 000 


Staff breakdown 








Scientific staff Technical services 
Degree and specialty -estesialtat ihtisnptatua thse i meme =e Lt i, ee 
Military Civilian Military Civilian 
Doctor of philosophy: 
Electrical engineering ----..--..-..--.--- 2 lecscemesererbeer<reerrraidecacibeess 1 
ORSINI. un csse doe dsasstadaidnds Wiladbbhececodstdkeasn- sds aeed 1 
Nuclear chemistry.....-.-.-.---..------ A Bdge ber 4444 b- 343 Uatd 66 acho = I 
Radiological biochemistry -.....-...-..|..........-- 3 bnchukwatvencailliiniads aed 1 
Doctor of medicine: 
FUSE SOT RNO oo detente cerepeeoesee= F \ienetenadtoMeansacsanttsamist baat: 2 
pi ep ed UR aS ig et bah Dees a Lee le oe toe 2 
Doctor of veterinary medicine: Veteri- 
DO. 3 <* oe ond enh cecmancndetenens | panes canes cis > ethane hecedienee aan 2 
Master of science: 
Nuclear chemistry....................- I Aintinine adasbestdecenws SGEe eee eae 1 
Chemical engineering-...............-. A eR, eh SR ee 1 
Pee 8 et eee sdandehies O Fenn b eS ee al nt eee Ne een’ 4 
Nuclear engineering. -..........-...-.- DP 6 sh cthdan do ebb dooce dehsn thee dll 6 
PUL ARMOTICUUE Sinn bachacssirapenis)=obyeiee | Ebb obbhdddn tnboidipestcactheniandanedbs 1 
Radiological biochemistry -...........- at WBS ee Bil Cie I 
Bachelor of science: Total. -............-..- ll 1 3 1 16 
Support: 
MOOION Si ck cee. . hn aides ale obit tnd tbe «cba beasdlenceichs 1 1 2 
DED Ona nin cdg hh <b ciks bettie coche makes = hdlde odeath DO backhadttn 2 
Geeretetaii 6. io a Behe See EL 5 5 
NT oo cncocnaidinananiiephsiceanehiain 33 2 6 7 48 





Number and types of personnel on loan to other Government agencies 
on loan from other Government agencies 
None. 


Major physical resources 

Square feet of floor space: 8,200. 

Special laboratory facilities: Irradiation Effects Laboratory on 70 
acres of pasture land. 

Special items of research equipment greater than $25,000 per 
item : Complete 256-channel-pulse-height analyzer, $50,000. 


7. OrgrationaL Appiications Lasoratory, Arr Force ComMAND AND 
Contrrot DeveLorment Division, L. G. Hanscom Frexp, Mass, 


The Operational Applications Laboratory had its origin in the 
aviation psychology program of World War fl. Immediately follow- 
ing the war, the Laboratory was assigned to the Strategic Air Com- 
mand, Andrews Air Force Bass, to study special requirements of the 
Command. In 1948, the Laboratory was assigned to Headquarters 
Command, Bolling Air Force Base, and was designated as the Human 
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Resources Research Laboratories. In 1952 the Laboratory was trans- 
ferred to the Air Research and Development Command and its 
designation was changed to Human Factors Operations Research 
Laboratory. With the establishment of the Air Force Personnel 
and Training Research Center in January 1954, the Laboratory wus 
again reorganized. That part of the Laboratory concerned with 
personnel research was transferred to Air Force Personnel and Train- 
ing Research Center, Lackland AFB, Tex., and the remainder of 
the Laboratory, concerned primarily with Air Force communica- 
tions, information processing, equipment human engineering and 
systems analysis was transferred to the Air Force Chau mbridge Re- 


search Center. With this reorganization, the Laboratory was des- 
ignated the Operational Applications Laboratory. 

On April 1, 1960, the Laboratory was transferred from the Air 
Force Cambridge Research Center to the Air Force Command and 
Control Development Division, AFCCDD. 

The current mission statement of the Laboratory reads as follows: 


Applies human engineering techniques to improve the de- 
sign, performance, and operator capability of weapons and 
support equipment and systems developed by the Air Force 
Cambridge Research Center. Conducts supporting research 
to advance knowledge in the human engineering field. 


Current programs 

Current major programs of the Laboratory are as follows: 

System support.—The Laboratory provides extensive human engi- 
neering support to the systems listed below. This support seal al 
the monitorship of approximately 20 contracts as well as in-house 
research and development activities, such as R. & D. subsystem test- 
ing, equipment evaluation, laboratory research to improve the state-of- 
the-art, etc. 

(a) Continental aircraft control and warning system (SAGE). 
(6) Tactical air control system (TACS). 

(c) Emergency mission support (TRACALS). 

(d) Weather observing and forecasting system. 

(e) Space track. 

Operational support.—A limited operational support program 
is maintained under project: Simplified international aeronautical 
language. The objective of this program is the development of a 
simplified aeronautical language for essential air-air and air-ground 
radio-telephone voice communication. The need for this simplified 
international aeronautical language stems from the difficulties that 
accrue in carrying out combined military air operations with a many 
language group such as with the United Nations Force in Korea, 
NATO, and SEATO. 

Technical development.—An extensive technical development pro- 
gram of in-house and contractor laboratory research is carried out by 
the Laboratory. This effort is primarily in the area of human per- 
formance but also includes a broad program of research in the area 
of surveillance techniques. Objectives of this program include, but 
are not limited to, advancing knowledge in the human engineering 
field and determining human capabilities and limitations under a 
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wide range of Fa conditions. The following projects make 
up the technical development program of the Laboratory: 
(a) Surveillance Techniques: 
1) Threat Evaluation and Action Selection. 
tS) Data Processing Techniques for Recognition and 
Identification. 
(6) Human Performance (Program Area 780E) : 
(1) Information Processing by the Human Operator. 
(2) Communication in Noise. 
(3) Information Transmission Thru Visual Displays. 
(4) Operational Applications of System Integration Princi- 
ples (Man-Machine Interface). 
(5) Automated Instruction-Teaching Machines for On-the- 
Job Training. 
(6) Computer-Man Relationships in Information-Processing 
Command and Control Systems. 
(ec) System Support: (1) Human Factors for the Weather Ob- 
serving and Forecasting System. 
(zd) Aerospace Environment: (1) Human Engineering of Meteor- 
ological Displays. 
Basie research 


The program of the Laboratory in the basic research area (Pro- 
gram Area, Biosciences) is at present limited in scope due primarily 
to the lack of funds during prior years. It is anticipated that 
with increased funds programed for the next fiscal year, this program 


will be given increased impetus. The program includes laboratory 
research in-house and under contract with universities. The current 
program consists of the following two projects: 

(a) Research on Psychophysio °8Y of Information Processing. 


(6) Research on Parameters in 
Future program 


It is anticipated that the major programs of the Laboratory 
through fiscal year 1970 will be developed along the following lines: 
1. Continuation and expansion of the current technical de- 
velopment program with increased emphasis in the area of human 
performance, 

2. Continuation of human engineering support to systems now 
being supported by the Laboratory and setablidhshont of support 
to other systems under development by the Air Force Command 
and Control Development Division (AFOCDD). 

3. Development of a technical program in support of the 
applied research objectives assigned to AFCCDD in accordance 
with the program objectives currently projected through 1970. 

Authority 


uorty for the research and system support programs of the 
Operational Applications Laboratory is contained in the following 
documents, directives, and regulations. 
1. The Current Operational Applications Laboratory mission 
statement in support of AFCRC. 


isual Perception. 
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2. Air Force Regulation 80-28, Mockup Boards and AFR 
80-14, Testing and Evaluation in Support of Operational and 
Technical Programs and Engineering Barrie 

3. Joint ARDC-Air Training Command Directive on Person- 
nel Subsystem Management. 

4. Program objectives assigned to AFCCDD which set forth 
the mission of the Laboratory in Research and Development Psy- 
chology in support of AFCCDD. 

Facilities 

Present facilities are suitable for current mission. Requirements 
for expanded facilities will be coordinated through AFCCDD. 
Mission in. support of astronautics 

The mission of the Laboratory in direct support of AFCCDD does 
include some indirect implications for astronautics. Accordingly, 


this mission is completely compatible with life sciences research and 
development requirements of the armed services. 


FISCAL DATA 
Budget estimates 


Budget estimates for fiscal years 1960-62 are shown below. These 
estimates are broken out into the two major budget categories (i.e. 
BP 610/680 Contract funds and BP 690—Operations and Mainte- 
nance funds) under which the Laboratory is funded. These estimates 
are further broken out into a budget authorization column, which 
reflects the actual B/A for fiscal year 1960 and the imposed ceiling 
amounts for fiscal years 1961-62. The BP 690 category includes 
Personal Services funds as well as all other BP 690 funds (e.g. travel, 
supplies, equipment, etc.). 

Amounts shown in the fiscal year 1960 BP 610/680 category reflect 
funds allocated directly to the Laboratory by higher headquarters 
as well as funds provided to the Laboratory by the Systems Office of 
primary mission responsibility for systems supported by the Lab- 
oratory. Since these funds are provided on separate obligation au- 
thorities for each separate contractual action at the time the con- 
tractual action is initiated, it is not possible to include fiscal years 
1961-62 B/A amounts for these efforts. Thus the amounts shown in 
the B/A column for fiscal years 1961-62 reflect only funds allocated 
directly to the Laboratory by higher headquarters. However, it is 
anticipated that the fiscal year 1961-62 allocations will be approxi- 
mately the same as the amount shown for fiscal year 1960. 


Budget estimates 


BP 690 Total B/A 
B/A 


Fiscal year 1960 . $367, 000 $1, 321, 000 
Fiscal year 1961 362, 000 345, 000. 707,000 
Fiscal year 1962 . 345, 000 707, 000 


1, 057, 000 2, 735, 000 
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Grants and contracts 


This Laboratory neither has nor anticipates grants to either non- 
governmental groups or educational institutions. Contracts are with 
educational institutions, private research organizations, and civilian 
industry. The level of the current contractual effort is shown below 
by major ea of research. It is anticipated that the level of 
this effort will be increased during each of the next several fiscal 
years; however, due to current funding limitations and ceiling 
amounts imposed for fiscal years 1961 and 1962, the magnitude of 
this increase is not firm. 

Amounts shown below reflect fiscal year 1959 as well as fiscal year 
1960 commitments and obligations. The fisca] year 1959 amounts are 
shown for the reason that many of the contracts negotiated during 
fiscal year 1959 are still in effect. Thus the current program consists 
of commitments and obligations made during each of the 2 fiscal years. 
Amounts are not shown for contracts negotiated in fiscal year 1959 
but which have terminated and for which fiscal year 1960 funds are 
not available to effect an extension of the contract. 

(a) System support 
(b) Technical development. 


(c) Operational support 
(d@) Basic research 


1 No fiscal year 1960 funds available. 
Equipment 

The value of equipment now on hand in the Laboratory is estimated 
at $250,000, . 

Requirements have been shown for equipment funds in the amount 
of $100,000 for fiscal years 1961 and 1962. It is anticipated that funds 
in the amount of $50,000 will be required for equipment for each fiscal 
year through fiscal year 1970. 
Other governmental agencies 

This Laboratory neither has nor anticipates awards, contracts, 
projects, etc., with other governmental agencies. 
Major physical resources 

Floor space: Square feet of floor space is as follows: 


1. Laboratory space 
2. Office space 


Special laboratory facilities: The Laboratory area includes one me- 
dium size anechoic chamber of internal dimensions of 8 feet by 16 feet: 
in area and 6 feet 4 inches in height. There are also available nine- 
experimental chambers of various sizes, all of which are soundproof,, 
lightproof, and radio shielded. These facilities occupy approximately: 
1,800 square feet of the total Laboratory space available. 

Equipment over $25,000: None. 
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Staff breakdown 


Scientific staff | Technical staff pei Be Staff total 
Ss 


Mili- |Civilian| Mili- {Civilian} Mili- |Civilian| Mili- |Civilian 
tary tary tary tary 


Doctor of philosophy: 
Psychology 
Educational psychology 
Masters: Psychology 
Bachelor: 
Psychology 
EE EE CEI pa nnccnnccanlenccanscledheerenisccubans 


ri 
Supply 
Electronics technician 


Totals 


8. Arctic ArromepicAL LaporaTory, Lapp Arr Force Bast, ALASKA 


The Arctic Aeromedical Laboratory was organized in 1947 as the 1st 
Central Medical Establishment at the School of Aviation Medicine, 
USAF, Randolph AFB. It was almost immediately removed to 
Alaska where it has since then functioned at Ladd AFB, under the 
Alaskan Air Command. 

The Laboratory’s mission is defined in AFR 80-21, Aviation Medi- 
cine Research, and the 11th Air Division supplement to it. The 
AAL establishes technical requirements arising out of effects of the 
arctic environment on USAF personnel. 

The research program is both basic and applied in nature. New 
techniques and procedures involving human performance are orig- 
inated and placed in actual operation under laboratory auspices but 
capability of development of material and items is limited... The pri- 
mary function of the Laboratory in this area is regarded as the de- 
lineation and tentative solution of developmental problems. Proto- 
types fabricated in accordance with these suggestions at other labora- 
tories are then tested and evaluated under arctic conditions by this 
organization. 

The Laboratory also provides support for other USAF aeromedical 
research facilities. 


Current major programs 

Human Acclimatization and Adaptation to Arctic Cold, Physio- 
logical and Psychological Problems of Survival in the Arctic, Air- 
crew Effectiveness under Arctic Conditions, Arctic Environmental 
Medicine, Arctic Personal Equipment and Clothing, Human Engi- 
neering and Psychophysiology in the Arctic, Defense Against Bio- 


logical Warfare in the Arctic, Analysis of Human Factors Problems 
at Arctic Remote Sites. 


Future anticipated major programs 


_ It is anticipated that research on the major programs of current 
interest, as listed above, will be a continuing requirement. In addi- 
tion, as missile operations are extended to the Arctic, research will be 
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conducted on the human factors problems involved. A start has al- 
ready been made toward identifying those phases of temperate zone 
missile handling which are likely to require modification under arctic 
conditions. 

Authority for present and anticipated future programs: AFR 80-20, 
Project Control Procedures, and 80-21, Aviation Medicine Research. 


Suitability of present and planned facilities through fiscal year 1970 

It is believed that present facilities and equipment, with the rela- 
tively minor additions and changes indicated below, will be entirely 
adequate for the foreseeable future for the performance of assigned 
missions. Important, nonmaterial assets of the Laboratory are its 
geographical location, within easy range of the full variety of arctic 
and subarctic habitats and its functional relationship with the Alaskan 
Air Command. As a consequence of its unique status as an integral 
part of a tactical command, its scientists are in firsthand contact with 
the problems which they are called upon to solve. Moreover, for scien- 
tific purposes, the entire command can be viewed as a practical exten- 
sion of the Arctic Aeromedical Laboratory. 


Role of the Laboratory in meeting life sciences research requirements 
for the armed services 

The Arctic Aeromedical Laboratory is the only Human Factors 
Laboratory of the Department of Defense located in the Arctic and 
concerned exclusively with arctic problems. In any armed conflict 
in the foreseeable future, the Arctic, by virtue of its geographic loca- 
tion, is destined to be the scene of much human activity, both on the 
ground and within the lower atmosphere. It is believed that the 
Arctic Aeromedical Laboratory can serve a vital function for all of the 
armed services by continuing its efforts to solve the severe environ- 
mental problems of men working and living in the Arctic. 

It should be realized that the thin protective shell of civilization, 
which insulates men from the rigors of the aretic climate and which 
makes northern Alaska as habitable as the District of Columbia, is 
exceedingly fragile and is totally dependent upon the continued func- 
tioning of such vulnerable facilities as centrally located heating 
plants. Thus, it is important that the Armed Forces retain their pres- 
ent capability of operating effectively under primitive conditions and 
that they not abandon their efforts to provide clothing, food, personal 
equipment, and emergency operating procedures adequate to cope with 
the austerity to be anticipated in time of war. 


FISCAL DATA 


Budget estimates for present and future programs 


Fiscal year 
1961 


$540, 000 
498, 500 
1, 038, 500 
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Costs of present and anticipated grants and contracts to nongovernment groups 
or educational institutions—by major category 


Program structure 


Equipment 


Fiscal year 1960 $754, 425 $356, 438 
Fiscal year 1961 . 424, 148 


5 y 533, 438 
Fiscal years 1964-70 (*) 


1 It is anticipated that during this period, plant and equipment will be adequate. Funds will be utilized 
for replacement only. 


Description and costs of present and anticipated future services or 
project awards to other Government agencies for fiscal year 1961 
and fiscal year 1962 


Fiscal year 1960 


A $30,000 cross-service agreement with the Arctic Health Research 
Center (a U.S. Public Health Service activity). 

(1) Laboratory studies will be conducted to: (1) determine the 
effect of low pH (measure of acidity or alkalinity) environment in the 
aerobic recirculating waste treatment unit on the growth of nitrifying 
organisms i absence of which causes a buildup of odor producing 
ammonia; (2) determine the effect of chemical and hydraulic para- 
meters on the buildup of ammonia in the unit. 

(2) Expand the surveillance of existing aerobic recirculating waste. 
treatment units. 

(3) Provide sanitary engineering competence in the person of a 
sanitary engineer stationed at the ST abaieteny to: (1) provide con- 
tinuing survey of remote sites for delineation of problems; (2) per- 
form and/or participate in research directed to solving these prob- 
lems at AHRC and/or the Laboratory; (3) provide assistance to- 
the Laboratory by participating in the review of other contractors 
for the Laboratory in the sanitation field. 

Fiscal year 1961 

A $10,000 cross-service agreement with naval hospital, Kodiak, 
Alaska, To develop and/or evaluate improved methods for treat- 
ment of local and general low temperature induced injury by chemical 
and physical methods. 

A $10,000 cross-service agreement with Fort Detrick to evaluate 
problems and accomplish preliminary studies on the relationship of 
the arctic environment to biological warfare. 

A $5,000 cross-service agreement with Army Chemical Center to 
evaluate problems and accomplish preliminary studies on the rela- 
tionship of the arctic environment to chemical warfare. 
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A $25,000 cross-service agreement with Arctic Health Research 
‘Center to continue studies as outlined for fiscal year 1960. 


Staff breakdown 


Scientific staff Technical service staff 


Civilian | Total | Military | Civilian | Total 


Biochemistry 
Doctor of medicine: 
Flight surgeon 
Pathologist 
Other doctoral degrees: 
Doctor of veterinary medi- 


“me obo be 


Master’s degrees: 
Bacteriology 
Chemistry 
Library science 
Pharmacology 
Physics 
Pee. ee 
Psychology 
Bachelor’s degree: 
Physiology 
Business administration 
Education (statistician) 
Other personnel: 
Clerical 


DOO ee OL et tet et nO DD 8D 


OW emo me 


Animal caretaker. 
Research technicians 


8 
& 


' Same individual possesses doctor of philosophy and doctor of medicine. 
? Reflected as flight surgeon in totals. 


One sanitary engineer is on loan from the U.S. Public Health Serv- 
ice. Incumbent is working on the development and evaluation of 
techniques for water treatment, waste disposal, food sanitation, and 
industrial hygiene in the USAF arctic environment. This loan was 
arranged after an intensive search, lasting over 2 years, failed to lo- 
cate a qualified applicant for a permanent staff appointment. 


Major physical resources 
(a) Square feet of floor space: 27,184. 
(6) Specialty laboratory facilities: None. 


j to} apeses items of research equipment ($25,000 or more per 
item) : None. 


9. Drrecrorate or Arr Force Brioasrronautics, Mrirrary Space 


Systems, Arr Force Batuistic Missmiz Drviston, Los ANGELES, 
CaLir. 


The Directorate of Bioastronautics Projects, Air Force Ballistic 
Missile Division was established on April 23, 1958, by Headquarters, 
Air Research and Development Command. The mission established 
for the Directorate was, and remains, threefold: (1) To act as the 
office of technical management for all USAF biological space flight 
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programs; (2) to act as technical staff on bioastronautic matters to 
the Commander, Air Force Ballistic Missile Division, and to the 
Special Assistant for Bioastronautics at Headquarters, ARDC; (3) to 
act as liaison and coordination center on bioastronautic matters 
between civilian/military life science centers and contractors. 


Current major programs 


The Directorate of Bioastronautic Projects has five major program 
areas. The first is the technical management of current bioastronau- 
tic payload (Subsystem L Biomedical Recovery Capsule). The prime 
project in this area is the design, research, development, preflight test 
and flight test of biomedical recoverable capsule (Subsystem L) in 
the Discoverer series. The second major program area in the Direc- 
torate is the development of advanced biomedical recovery vehicles 
and life support subsystems (Advanced Biomedical Capsules. Cur- 
rent efforts include a study contract with Lockheed Missiles and 
Space Division which will culminate in a mockup of an advanced 
biomedical recovery capsule whose applied research objective is 
to exploit the present state of life support system technology to 
its practical limit. The third major program area in the Director- 
ate involves research and development of prototype second generation 
life support system components (Advanced Component Develop- 
ment or ACD). Typical of these are contracts for development of 
miniaturized setersidiie-inanlecsiind biotransensors and photosynthetic 
gas exchangers. The fourth major program area in the Directorate 
is the technical management of programs designed to return infor- 
mation concerning the bioastronautic space environment (Advanced 
Information Collection or AIC). Packages are being prepared for 
flight on Projects Discoverer, Piggyback and Spacer. Currently 
seven different packages are in preparation and range from prototype 
agravic photosynthetic gas exchangers, through tissue equivalent ion- 
ization detectors to agravic liquid gas interphase studies. The fifth 
main project area in the Directorate is bioastronautic analysis, predic- 
tion and programing. By mission definition, this Directorate has 
responsibility for bioastronautic Applied Research Objective prep- 
aration and documentation, Study Hebwiremdint Analysis, Planning 
Objective Generation, etc. 


Future anticipated major programs through fiscal year 1970. 
Headquarters, ARDC, has directed (see below) the AFBMD to 
prepare Planning Objectives for future bioastrorautic efforts. When 
these planning objectives are ptm by Headquarters, ARDC, 
this directorate anticipates being the office of bioastronautic technical 
management for seven major programs through 1970. : 


Authority for the present and anticipated future programs 


Authority for present and future programs is contained in written 
directives from Headquarters, ARDC, based on approved USAF 
research and development requirements. 


Suitability of present and planned facilities to the current and 
assumed future missions of your organization through fiseal year 
1970 

The present, facilities of this Directorate are adequate for present 
missions. Present fiscal resources are adequate. Manpower resources 





SPACE RESEARCH IN THE LIFE SCIENCES lll 


are inadequate. The adequacy of future facilities for assumed future 
missions will depend on moneys and personnel made available. If 
this Directorate gets the fiscal and manpower support it will require 
to prosecute planned programs, facilities will be adequate. 

Other roles 


Not applicable since this Directorate performs a direct, active role 
in astronautics, 
FISCAL DATA 


Budget estimates for present and future programs (fiscal year 1960- 
fiscal year 1962) 

Total spendable dollars available to this Directorate in fiscal year 
1960 are $308,000 (an additional $412,000 is frozen). In fiscal year 
1961 the Directorate has 2.1 million available and fiscal year 1962 
programs will require an expenditure of 2.4 million. 


Costs of present and anticipated grants and contracts 


The Directorate has made no grants or contracts to non-govern- 
mental groups or educational institutions and it is not anticipated 
that commitments in this regard will exceed 5 percent of available 
moneys. All moneys have thus far been let to other governmental 
groups for support of in-house effort (see below) or direct to large 
or small business contractors for research and development of hard- 
ware. In this later connection, expenditures have been made or are 
programed in the major research categories as follows. 


Hardware R. &€ D. contracts 


Category a "ad 3 er — — — 


Biomedical Recovery Capsule 


Advanced Biomedical Capsule 
Advanced Component Development 
Advanced Information Collection 
Subtotal (millions $) 

Total (millions $) 


1 Dollars spent for biomedical recovery capsule by Discoverer Program Office. 

3 Dollars spent for biomedical recovery capsule by Directorate of Bioastronautics Projects. 
3 Dollars spent by Directorate in fiscal year. 

4 Dollars spent to support all Directorate activities in fiscal year. 

§ Dollars estimated in excess of dollars available (by .020 of one thousand.) 


Capital investment in over-all plant and equipment, both present and anticipated, 
for future years through fiscal year 1970 (millions) 


Category 


-021 1,528 |3.035 |8.542 (6.053 | .053 | .053 | -053 | .053 


1 Based on building acquisition cost/net square footage X Directorate square footage or $696,160/45,453 X594. 
? Based on $297-man-month support costs, excluding salaries. 
§ Based on holding facilities, simulators, trainers; ete. 
* Based on support hardware directly contributing to biomedical mission: special blockhouse instru- 
mentation, special pad modifications, etc. 
5 Government supplied equipment. 
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Description and costs of present and anticipated future services or 
project awards to other governmental agencies for performance or 
performed at in-house facilities for other governmental agencies 
for fiscal year 

(1) Fiscal year 1960: $38,000 to USAF School of Aviation Medi- 
cine for support of Project Piggyback experimental hardware. 
(2) Fiscal year 1961: Unknown at this time. 


Staff breakdown 


Scientific staff Technical services 


Military | Civilian | Total | Military | Civilian | Total 


B.S.: 
II nos < nee < bvbinetinb cients 48ce 
Aero. Eng ‘ 


Ninn io cigetiy opener mpc tihailiee nial inilcphsiisbeduh bit cesta 


! Same officer. 
Nore.—Other personnel: 


poemogrnomer (O8-6) 35 ois. oli ree to) i Baie li ile 
LE RS EEE EF TS EE BES CUES a PETS ERLE aaa 


Numbers and types of personnel on loan 
None. 


Major physical resources 
Square feet of floor space: 
(1) Office—594 square feet 
(2) Lab, shop, vans—2,060 square feet 
(3) Total square feet—2,654 square feet 
Special laboratory facilities: 
ta 2 medical vans 
2) 3assembly and instrumental vans 


ta Auxilliary power unit vans 
4) Subsystem L checkout lab 
(5) Blockhouse launch and readout station 
Special items of research equipment 
None. 


10. Homan Enorneertne Lazoratory, Rome Arr DEVELOPMENT 
Center, Grirriss Arr Force Basg, N.Y. 


The Human Engineering Laboratory, Rome Air Development 
‘Center, in compliance with a letter from Headquarters, ARDC, was 
originally organized in June 1951, as the Human Factors Office to 
provide direct assistance to design and development engineering on 

roblems caused by and/or related to the utilization of the human 
ing in the operation of ground electronic equipment and systems. 
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The current mission of the Laboratory is to perform human engineer- 
ing analysis, evaluation, research, and application to design and de- 
es ment problems involving equipment and systems developed by 
the bine Air Development Center. The scope of its mission at 
present and in the future is determined by the scope of the RADC 
mission. The Laboratory now supports engineering research and de- 
velopment activities in such areas as control and guidance, communi- 
cations, and intelligence and electronic warfare, and biological effects 
of microwave radiation. This support takes such forms as (a) con- 
sultation, (6) participation in equipment and systems design, develop- 
ment, and test, (c) monitoring of contracts, and (d@) mission-oriented 
applied and basic research. 


Current major programs 


1. Image quality factors in reconnaissance interpretation. 

2. Recognition of visual targets in complex fields. 

3. Development of formats and symbologies for displays to aid in- 
telligence data processing. 

4. Masking of speech with bands of noise. 

5. Information processing as a function of sense modality. 

6. Data presentation techniques for control of forces. 

7. Biological effects of microwave radiating equipments. 


Future anticipated major programs 

1. Data presentation techniques for control of strategic and tactical 
missiles. 

2. Influence of display variables on command and control decisions. 


3. Human capacity to discriminate nose cones in ballistic trajec- 
tories. 


4. Binaural localization. 
5. Development of intelligibility tests and testing techniques. 


6. Discrimination of pitch, with adaptation as a primary variable. 
7. Time and bandwidth conservation. 


8. Research on the reconnaissance interpretation and reconnaissance 
charting functions. 


9. Research on the intelligence analyst function. 

10. Biological effects of microwave as it pertains to future radiation 
weapons programs. 
Program authority 

Authority for the — is contained in ARDC directives which 
are based on approved USAF requirements. 
Suitability of present and planned facilities 

The present and anticipated facilities of the installation are con- 


sidered suitable for current and assumed future missions of the Human 
Engineering Laboratory. 


Roles in support of life sciences research requirements other than 
astronautics 


The Human Engineering Laboratory is capable of and does perform 
a wide range of basic and applied research tasks on psychological and 
human engineering problems involved in the development of Com- 
mand and Control, and Intelligence systems. 
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FISCAL DATA 


Budget estimates for present and future programs 
Fiscal year 1960 
Fiscal year 1961 
Fiscal year 1962 


Costs of present and anticipated grants and contracts to nongovern- 


mental groups or educational institutions by major categories of 
research 


Studies on the recognizability of visual targets in complex fields: 


Fiscal year 1960 
Fiscal year 1961 
Fiscal year 1962 
Fiscal year 1963 


Fiseal year Fiscal year Fiseal year Fiseal year 
1960 1961 1962 be 


Studies of basic variables influencing human 
ability to estimate absolute and relative posi- 
tion, velocity and acceleration of targets mov- 
ing in two and three dimensions... --......-- pusbbbsic. si cd $30, 000 

Studies on the binaural localization of speech 
sounds__ 

Study of the psychological variables affecting 
command control decision and development 
of the most effective techniques for efficient, 
economical presentation of information ap- 
propriate to specific decision situations 300, 000 

Studies to determine biological changes and 
their mechanisms in animals exposed to 
microwave radiation. Also to correlate such 
data to man 200, 000 


530, 000 


Capital investment in overall plant and equipment 


The present investment is about $270,000. No major change in the 
size of this investment is anticipated through fiscal year 1970. 


Description and costs of present and anticipated future services or 
project awards to other Government agencies for performance, or 
performed at in-house facilities for other Eheuiobiaahaies agencies 
for fiscal year 1960 and fiscal year 1961 

At present there exist no such awards, and no services are currently 


performed or planned at in-house facilities for other Government 
agencies. 
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Staff breakdown 


Scientific staff Technical Service 


Military | Civilian Total | Military | Civilian Total 


Doctor of philosophy: Psychol- 


ogy 
Master of arts: 
Psychology - --.----.------- 
Biology 
Bachelor of arts: 
Psychology - - 
Electronic engineer_....-- 
Supporting personnel: 
Bachelor of arts: 
Physies-.-. cll tilt ih de ate 
No degree: Electrical engi- 
neer....... aeesée owe 





1 Technician lab. facilities. 


No personnel are on loan to or from other governmental agencies. 
Major physical resources 


The Human Engineering Laboratory occupies 3,200 square feet of 
floor space. An additional 1,900 square feet is utilized at an off-base 
site. 

There is a research facility which includes equipment for research 
on visual, auditory and tactile functions, recording of physiological 
responses (e.g., electrocardiogram, blood ene respiration rate), 
cathode ray tube detection studies, etc. The facility includes both 
darkrooms and a sound chamber. A radiofrequency anechoic cham- 
ber for whole body microwave exposures of animals along with neces- 
sary radiofrequency generating equipment. 

Special items of research equipment ($25,000 or more) 

None. 


11. Human Facrors Brancu, Direcrorats or Fuicut Test, Am 
Force Fuicur Test Center, Enwarps Aim Force Bass, Cauir, 


The Human Factors Branch is assigned to the Flight Test _Engi- 
neering Division, Directorate of Flight Test of the Air Force Flight 
Test Center, Edwards AFB, Calif. The mission of the Human Fac- 
tors Branch is to evaluate the human factors design and functional 
characteristics of Air Force weapons systems, manned spacecraft, and 
penne) equipment under flight test and other special test conditions. 

he branch also conducts projects in the human factors field as re- 
quested by other inservice research and development agencies. 
Current major programs 

Programs presently active within the Human Factors Branch are 
those normally connected with weapons systems evaluation ; e.g., B—52, 
heavy bomber, C-133, cargo aircraft, H-43, helicopter. Also active 
are: 


(1) X-15, experimental rocket airplane, physiological telemetered 
data console development. 
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2) X-15 physiological data package development. 

8) X-15 oxygen consumption study in TF-102, trainer version 
of F-102 interceptor, and low pressure chamber. 

(4) X-15 pressure suit maintenance and test program in TF-102 
and low pressure chamber. 

(5) Zero-gravity ee test support program, including facilities, 
instrumentation, and chase aircraft. 
(7 Night lighting evaluation, portable tool development. 
7) Dyna-Soar, (odvenadll design experimental manned _ boost- 
glide aircraft), medical evaluation and pilot selection procedures. 


Future anticipated major programs through fiscal year 1970 

The proposed programs to be initiated at this center through fiscal 
year 1970 in which the Human Factors Branch will participate are: 

(1) Dynamic simulation of flight profiles of aerospace vehicles 
using a gondola capable of 6 degrees of freedom with an analogue 
computer tie-in for closed loop simulation in the selection and train- 
ing of astronauts. 

(2) An environmental evaluation using the dynamic simulator and 
other equipment will include the following parameters; atmosphere, 
temperature, acceleration, and cabin habitability. This will allow 
evaluation of the reliability and suitability of components to be used, 
and the training of aerospace personnel under realistic conditions. 

(3) Expansion of the present capability for evaluation of personal 
equipment. This expansion will include, but not be limited to: 

(a) An increase in floor space. 
(6) The purchase of an improved mobile van in support of the 
full pressure-suit. 
(c) The obtaining of a two-place, high-performance, variable- 
stability test bed aircraft. 
The additional floor space is badly needed. The new van will rectify 
certain shortcomings in the present system, and the aircraft will per- 
mit simultaneous investigation of personal equipment, environmental 
systems, and pilot energy management. 

(4) Advanced aeromedical airborne instrumentation and telemetry. 
The objective of this program is to obtain a micro-miniaturized sys- 
tem that will monitor both environmental and physiological parame- 
ters, and which will telemeter this information without burdening the 
pilot with an electrical umbilicus. 

(5) An astronaut selection and training program will be main- 
tained on a continuing basis. The basic tools for the selection of can- 
didates have been developed. The medical and psychophysical selec- 
tion tools can be economically implemented at Edwards, the site of the 
largest pool of test pilot experience in the country. ‘Training can be 
continued from the day of selection to the day of the mission. 

(6) Escape systems will be demonstrated and their reliability estab- 
lished. The high speed track facility offers excellent opportunity to 
subject escape systems to the necessary high Q (ram pressure) and 
low altitude regime. The local bombing ranges offer recovery areas for 
free fall, sub and supersonic demonstration. The users could then be 
aware of escape systems capabilities and shortcomings without ex- 
tensive travel to gain this knowledge. 
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Authority for present and planned facilities 


The authority for the present programs is contained in the follow- 
ing USAF approved projects and tasks: 
(1) X-15 Physiological console. 
(2) X-15 Physiological package. 
(3) X-15 Oxygen consumption data. 
(4) X-15 Pressure suit maintenance and test. 
(5) Zero G flight test support program. 
(6) Night lighting evaluation. 
(7) Dyna-Soar selection. 
Suitability of present and planned facilities through fiscal year 1970 
Present facilities are satisfactory for current programs with the 
exception of the low pressure chamber building which needs an im- 
mediate expansion of 3,350 square feet. Proposed future programs 
will require the development of a new mobile van in support of the 


full pressure suit, a physiological data readout console, and a dynamic 
simulator. 


Other roles in meeting life sciences research requirements 


If a mission in support of astronautics is not assigned, weapon sys- 
tem and personal equipment evaluations would continue as in the past. 


FISCAL DATA 
Budget estimates for present and future programs 
Fiscal year | Fiscal year | Fiscal year 
1960 1961 1962 


(1) Programs in being: 
(a 


) X-15 pressure suit maintenance and test_.......... $80, 000 $100, 000 $100, 000 

(6) Flight research and physiological data console_...- 195, 000 15, 000 25, 000 

(c) In-house instrumentation development._.......... DEON ts ee beh ieee 

(d) Physiological data package. ..........-.......--.... 35, 000 100, 000 30, 000 

6) SVM HU me ncccnccgvatipsceccusgscnaguse 7, 800 30, 000 12, 000 

(2) Programs proposed: 

(a) Dynamic simulator, training......................|...--.----.... 200, 000 1, 000, 000 

(6) Other instrumentation development--............. 55, 000 105, 000 185, 000 

I einecnncnict aap tewas aa tlgpheinteatan demain 387, 800 550, 000 1, 352, 000 


Cost of present and anticipated grants and contracts 


_ No grants or contracts to nongovernmental groups or educational 
institutions are anticipated. 


Total capital investment 

The present capital investment is $2,124,666. The future invest- 
ment for planned programs will be approximately $5 million. 
Description and costs of present and anticipated future services 


In-house effort during fiscal year 1961 and fiscal year 1962 for the 
School of Aviation Medicine will total $155,000. 
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Staff breakdown 


Administrative and technical 
support staff 


Doctor of medicine: 
Flight surgeon - 
Master’s degree: 
Psychology , 
nn rnmtbine tine 
Education -__...-. 
Bachelor’s degree: 
Physiology._..-.-.- 
Administrative --~- 
Technical support 


Totals 





Number and types of personnel on loan to other Government agencies 
or on loan from other Government agencies 


There are no personnel on Joan to other agencies. 
Major physical resources 


Square feet of floor space.—Office space occupied by the Human 
Factors Branch is 906 square feet. The low-pressure chamber encom- 
passes 6,000 square feet. Some additional floor space is utilized by in- 
strumentation personnel and equipment; however, the amount varies 
and is not permanently assigned to human factors activities. 

Special laboratory facilities —The TF-102 aircraft, low-pressure 
chamber and physiological instrumentation are the only special lab- 
oratory facilities used by this branch. 

Special items of research equipment.—Special items of equipment 
worth $25,000 or more: 

(1) Modified TF-102 aircraft. 
(2) Low-pressure chamber. 


12. Misstxx Test anp Ranee Suprorr Drviston, Orricr or THE STAFF 
Sureron, Arr Force Misstze Test Center, Parrick Arm Force 
Base, Fa. 


The Office of the Staff Surgeon, AFMTC, has several separate and 
distinct but interrelated missions. The primary mission is to super- 
vise all center medical resources. This includes representing the Com- 
mander, AF MTC, in medical matters affecting agreements with the 
Range Contractor and developing the medical portion of center plans 
and programs. This staff agency is included in this study because, 
although it conducts no actual research and development projects, its 
support services for Project Mercury and for the Nation’s missile test 
programs are closely related to some of the life science research pro- 
grams included in the study. 

The Saeneer ee Health Research Laboratory has been renamed 
the Missile Test and Range Support Division. The functional area 
of concern to this staff section involves all phases of missile operations 
occurring at the Atlantic missile range which is the free world’s 
largest and longest outdoor laboratory. It is the place where all 
branches of the U.S. Military flight-test their major missile systems. 
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It is where present and future unmanned and manned space projects 
are scheduled for testing and launch. The Atlantic missile range is 
art of AFMTC. This includes headquarters at Patrick Air Force 
3ase, a 5,000-mile range (down the Atlantic from Cape Canaveral to 
Ascension Island), 12 island-based tracking stations, 11 airfields, more 
than 40 aircraft and 11 picket ships equipped to track missiles. 
Mission 

The mission of the Missile Test and Range Support Division is to 
develop plans and programs for medical support of missile tests and 
missile range facilities. This requires identifying and investigating 
occupational health hazards associated with missile prelaunch and 
launch activities. Preventive medical information is thereby obtained 
for use by missile test personnel, as well as those personnel in opera- 
tional missile units. To accomplish this, industrial hygiene studies 
are periodically performed along with laboratory analyses, medical 
examinations, and surveys on the physical aspects of missile opera- 
tions, such as noise and blast. These studies and surveys aid in the 
establishment of requirements and standards for protective clothing 
and equipment, thereby helping to safeguard personnel during missile 
tests. Essentially, personnel in this division formulate tasks and 
monitor their implementation by personnel of the Pan American Air- 
ways Medical Department (contract operator, Atlantic Missile 
Range). In addition, the human factors of missile operations are 
covered by devising selection criteria and training programs for mis- 
sile units by human engineering of the complete missile weapon sys- 
tem, and by investigating the nature and characteristics of human 
errors and accidents in all facets of missile activities. 

The Staff Surgeon is also charged with formulating and conducting 
a course of instruction entitled “Medical Aspects of Missile and 
Space Operations.” The objective of the week-long course, conducted 
once each month during 9 months of the year, is to indoctrinate senior 
medical officers of the Army, Navy, and Air Force in the medical 
and occupational health problems incident to missile operations. 

The advent of manned and unmanned space project activities at 
AFMTC has been primarily responsible for the creation of an addi- 
tional major mission element within the Office of the Staff Surgeon, 
the Bioastronautics Support Division, and has necessitated a change 
inemphasis. The division is responsible for bioastronautics activities 
assigned to the Staff Surgeon in support of space programs conducted 
at AFMTC. In turn, the Surgeons General of each of the three mili- 
tary medical departments have designated a representative to speak 
for their respective medical service in the negotiations leading to the 
provision of such medical support as may required for ject 
wae flight operations. 

_ The bioastronautic support of Project Mercury may be divided 
into three broad categories: (a) The medical care of the astronauts; 
(5) the aeromedical monitoring at global range stations; and (c) the 
medical support of postflight operations. With respect to (a), this 
agency has been requested to assume responsibility for the —* of 
the astronauts for a period immediately prior to launch. To help 
accomplish point (6), the three services have made available approx!- 
mately 30 medical officers to the National Aeronautics and Space Ad- 
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ministration Space Task Group. These officers will serve as aero- 
medical monitors at various locations on the global range. In addi- 
tion, a 1-week basic orientation course will be presented to these 
medical monitors at the AFMTC. This course will precede the 
training program to be conducted by the National Aeronautics and 
Space Administration. The U.S. Navy has been assigned the respon- 
sibility for developing an overal plan for medical support of postflight 
operations. 


Future anticipated major programs through fiscal year 1970 


The mission of supervising all center medical resources will continue 
essentially as currently programed. This means future programs will 
continue to emphasize staff monitoring of Range Contractor medical 
functions, facilities, and plans. Current efforts will continue to strive 
for a coordinated, integrated medical program. 

The Missile and Range Support Division will continue to dissem- 
inate to operational and missile test units the findings resulting from 
its surveys and studies. An increase in activities will occur now that 
full manning has been achieved and essential testing equipment has 
been received. Future program objectives for the division will be 
defined as new missile and space systems are introduced to the Atlantic 
missile range. 

The “Medical Aspects of Missile and Space Operations” course of 
instruction has, as stated earlier, already undergone a relatively 
major shift in emphasis as a result of the space project activities occur- 
ring at the Atlantic missile range. 

It is anticipated that future program objectives will be realized 
through continued and perhaps increased emphasis on the medical 
aspects of space operations. However, this does not necessarily mean 
that the medical aspects of missile operations will decrease in im- 
portance. Missile weapon systems are barely coming of age and it 
should be stressed that medical problems will be constantly recurring 
and very important. In addition, missile systems and not space sys- 
tems will constitute the huge majority of activity. The variety and 
sheer numbers of missile weapon systems make it mandatory that 
medical personnel be trained in the essential medical problems. 

The solution to continued emphasis on both kinds of medical prob- 
lems is to increase the length of the course. Plans have been made 
to increase the course duration from 1 to 2 full weeks. 

It is anticipated that the mission of the Bioastronautic Division 
will increase in scope and intensity as projected manned space flight 
activities are programed and tasks are received. As mentioned earlier, 
the staff surgeon has been given the responsibility for providing a 
period of concentrated training for the selected Project Mercury medi- 
cal monitors. The training course has been officially approved as an 
integral phase of the monitoring training program. 

This essential step should be followed by courses specially flight 
designed to provide the Department of Defense with trained space 
surgeons both as potential replacements for the Mercury medical mon- 
itors and for use in follow-on manned space projects. 

Future programs should include emphasis in the area of medical 
support of recovery operations in manned space projects. 

It is anticipated that a holding facility will be required to help train 
and condition astronauts for future space flights. Such a facility 
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would allow for the simulation of the more important parameters of 
man in space to be tested and checked out as an integral part of the 
hardware components, 


Authority for present and anticipated future programs 


Pertinent directives from Headquarters, U.S. Air Force and Air 
Research and Development Command. 


Suitability of your present and planned facilities to the current 
and assumed future missions of your organization through fiscal 
year 1970 

A program directed at the creation of a holding facility for the 
training and conditioning of astronauts is needed to achieve the 
future objectives. 

FISCAL DATA 


Not applicable since this staff agency conducts no research and de- 
velopment program. 
Staff breakdown 


Scientific staff Technical service 
ope rinclechacsince he, efreimenatit arses! GI 
Civilian | Total | Military | Civilian | Total 


Military 























| 
| 





| 
| 
Doctor of philosophy: Psychol- | 


Flight surgeon. ............ 

Industrial physician_..__._. 
Doctor of dental surgery.._....-. 
Masters degree: Psychology... 
Bachelor degrees: 

B.C.E., civil engineering... 

Chemical engineering... .... 

Engineering physics_......- 


et 
eco oocooceoe oo 
coo coocoeo °o 
ecco oceoc oO 
ee Ree 


0 
0 
0 
0 
0 
0 
0 
0 


Fi es ae 


——_[]—$_———_ | ——_ | — | | —____— 





NotEe.—Other personnel: 
IN ir petite orayn-wreen tinh nciediatitinitinilaielal nse tetanic 1 
Cee ee en ten ec adinigidtouraieiaiagindibarummmmanismenieoonameatemami ess 1 
Civitan Glerke-Cy lee... .. cic ncubaccenecosccccencapthbnebbbeseda, bihieseded bees 2 
Civilian illustrator. 


Numbers and types of personnel on loan to other Government agencies 
or on loan from other Government agencies 
None. 
Major physical resources 
Square feet of floor space : 9,060. 
Special laboratory facilities: 
(1) 300 square feet of existing Chemical Laboratory. 
(2) About 500 square feet programed in the Medical Science 
Laboratory at Cape Canaveral. 
Special items of research equipment: None. 


13. Human Facrors Orrice, Arr Province Grounp Center, Eciin 
Arr Force Bass, Fua. 


The APGC’s Human Factors Office was established in March 1958 to 
fulfill a vital part of the Air Force’s weapon system testing program. 


54232—60——_9 
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The inclusion of this office in the Air Proving Ground Center provides 
for more comprehensive and valid system evaluation by accounting 
for human variables and determining their impact on the weapon 
system. The capability of the operator, maintenance, and support 
personnel for increasing or decreasing the successful accomplishment 
of a mission is a primary factor in the total system effectiveness. The 
human component must be considered as a part of the total sytem. 

The mission of this Office is to conduct studies and tests of the man- 
machine-environmental relationships that influence a weapon system’s 
effectiveness. 

Those areas which are included in APGC’s general human factors 
evaluations cover a wide range of considerations as to the performance 
of the personnel, their environment, and general well-being. As an 
example of these considerations, the following list is presented : 

Operational and maintenance concepts. 

Selection of personnel, including manning requirements. 
Human engineering. 

Training. 

Proficiency assessment. 

Morale, motivation and retention. 

Environmental protection, including air and ground safety. 
Handbook, manuals and job aids evaluation. 


Current major programs 


No basic research or technical development programs are being 
conducted by this Office. Fourteen project officers are responsible 
for 16 active test projects. Five of the tests are being conducted off 
base. See current test projects below in table titled “Current APGC 
Human Factors Office Projects.” 


Future anticipated major programs through fiscal year 1970 

The ner contained in attachment 2 will carry into fiscal year 
1963. Because of the uncertainty of the exact nature of this Center’s 
role in maperert of the Development Division, it is not possible to plan 
realistically beyond this program. 


Authority for present and anticipated future programs at the in- 
stallations involved 
The authority is contained in directives from the Weapon System 
Project Offices, Headquarters Air Research and Development Com- 
mand, Headquarters USAF, and in directives to support APGC in 
its developments, studies, and tests by applying: (a) biomedical, (b) 
personnel, (c) training, and (d) human engineering testing experi- 
ence to Air Force weapon systems. 
Suitability 7 your present and planned facilities to the current and 
—_ future missions of your organization through fiscal year 


No increase in facilities is planned and present support is adequate. 


FISCAL DATA 


Budget estimates for present and future programs (fiscal year 1960- 
fiscal year 1962 


(1) Fiscal year 1960 
(2) Fiscal year 1961 
(3) Fiscal year 1962 
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Cost of present and anticipated grants and contracts to nongovern- 
mental groups or educati institutions by major categories of 
researc 


None. 


Capital investment in overall plant and equipment, both at present 
and anticipated for future years through fiscal year 1970 


Equipment consists only of normal supply items such as roe 
desk calculators, dictaphones, safes, and tone recorders. Capita 
investment is approximately $10,000 and should remain at this figure 
unless our mission changes. 


Description and costs of present and anticipated future services or 
project awards to other Government agencies for performance or 
performed at inhouse facilities for other Government agencies for 
fiscal year 1960 and fiscal year 1961 

None. 
Staff breakdown 

(1) Scientific staff: 

Military 
Civilian 


Doctors of philosophy : 

Physiology 

IEE x, artis csssdeenniorspbaniaiant tcenvecgreatatadamtibinss tomtom oie 
Masters of arts: 

PAPOROUIRY iii danitsin bi eh iid dies ele, 

Education and mathematics___......-..-._-....-..._.. 
Bachelors of science : 

EE rreractsnekenuaimsleandininercpnamionieeeasaeueae tal 

Civil engineer (industrial hygiene engineer) ..___ 

Psychology 

Totals: 3 doctors of philosophy, 8 master of arts, and 
4 bachelor of science. 


(6) Supporting personnel other than above, military and civilian by 
function: None. 


Number and types of personnel on loan to other Government agen- 
cies or on loan from other Government agencies 
None. 


Major physical resources 


Square feet of floor space : 2,200 square feet of office 5 oe 
Special laboratory facilities (see below under “Facilities”). 


Special items of research equipment ($25,000 or more) : None. 
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Current APGC human factors office projects, Apr. 1, 1960 


Short title Project status APGC Termination date 
priority 


IM99 SAGE-Bomare A.....__......_.._....] Testing 
IM99 Bomarc B ei 
B-47 Drone. ..-.... in ent SSlirecadin cinesreenieel A ia 
T-29 Aircraft._.. % Velo sedecbiees O0s2 2-81 
B-52G ECM 1___. ¥ Report writing 
GAM-77 (Hound Dog) __. Testing __ _- 
GAM-72 (Quail) .. " poe ee ao pee 
FD? Radar-Eufaula, Ala.; Houma, La., nalts 
Grove Hill, Ala.; Crystal Springs, Miss.; 
Dauphin Island, Ala. 
. B-58 (Fort Worth) .._-- _ Testing; report writ- Do. 
ing, planning. 
. AWCS ? (Shaw Field, 8.C.; Myrtle Beach, | Monitoring human Unknown. 
8.C.), ete__. ss factors activities. 
. B-58 (Fort Worth) Mk 28 . July 1960. 
2. F-105B Aircraft , aS 6 | Classified. 
. F-105D Aircraft... 5 Salsa Biden mien sot NINE hese ears Certo 26 | Classified (suspended), 
: Do, 


en (suspended), 

do. 

July 1960. 
Do. 

June 1960, 

Classified (canceled). 
Do, 

Classified (suspended). 


BOSE Se ov ym G0 BD 
ome OW oro 


— 


. GAM 83A__.- isd heccshiink d 
5. GAM 87.. oe , Sno eeesiine oie Do. 
B. ORs oo sd essa none nnnnnnnnncnnscceeeene|--- Wii. Unknown. 
| 
1 ECM: electronic countermeasures. 
2 FD: frequency diversity radar. 
3AWCS: Air Weapons Control System. 


Eglin Range—B-70: This is a future project. The extent of active participation has not yet been deter- 
mined. 


Other roles the human factors office of APGC could perform in meet- 
ing life sciences research requirements of the armed services 

The Human Factors Office of APGC will continue to maintain a 
capability to conduct human factors systems testing and evaluation. 
This capability is utilized to provide APGC/ARDC with a human 
factors testing and evaluation capability for weapon systems and sup- 
porting systems. In addition, AFR 80-14 states that ARDC will pro- 
vide technical assistance during category ITI testing as required by re- 
sponsible test organization. Since the APGC Human Factors Office 
represents a large portion of ARDC’s human factors system test capa- 
bility, it is anticipated that there will be an increasing requirement 
for participation in such testing. Category III test partcipation in 
tests presently assigned to APGC, will require approximately 10 
percent of the available resources during fiscal year 1960, approxi- 
mately 20 percent during fiscal year 61, and 35 percent during fiscal 
year 1962. Presently, the support required in categories I and II 
vein activities does not appear to be diminishing. (See categories 

ow). 

If personnel were available, two additional areas in which effort 
could be expended are: (1) in the evaluation of the utility and suit- 
ability of personnel equipment and (2) in determining aspects of the 
environmental conditions which should be optimized in order to 
obtain and maintain maximum performance of advanced aircraft and 
space crews. 


Equipment utilization section 


Testing Category I: subsystems development, test and evaluation. 
Testing Category II: system development, test and evaluation. 
Testing Category III: system operational test and evaluation. 
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Parameters : 
1. Equipment analysis: 
Reliability. 
Availability. 
Compatibility with weapon system. 
Maintenance, inspection, calibration, checkout. 
2. Personnel acceptance: 
Safety. 
Comfort. 
Convenience. 
Confidence. 
Skill requirements. 
Information requirements, 
Standard operating procedures. 
Anthropological compatibility. 
Mission relationships. 
Professional cognizance : 
Human engineering. 
Personnel and measurements. 
Training. 
Physiology. 
Statistics. 
Personnel equipment characteristics. 
System operations. 
Accident analysis. 
Facilities 
The following special research and test facilities are available at 
this center: 
Climatic laboratory : 
(1) Desert room (12’x12’) temperature range from 60° F, to 
120° F. with humidity control. 
(2) Hot test room (12’x12’) temperature range from 70° F. to 
120° F. with humidity control. 
(3) oo test room (10’ x 12’) temperature range from 95° F. 
to —70° F. 
(4) Physiological stratochamber (914’ x 12’) altitude from 
ground level to 80,000’. Temperature from 70° F. to —70° F. 
Altitude chambers: 
‘ (1) Twenty-man chamber—E modification for 16 men (20’ x 


(2) Group chamber, “Parasite”—indoctrination of partial 
pressure suit (15’ x 6’’) rapid decompression to 75,000’. Profile 
runs lasting from 1 to 6 hours supervised by qualified personnel 
are possible. A minimum amount of equipment for instrumen- 
tation purposes is required. 

Data reduction laboratory : 
(1) Five computers. 
(a) IBM.704 data processing machine. 
i) eS Univae sicierasin. 
Cc 650 magnetic drum computer. 
ta 203 Thierens. 7 
(e) Analogue—Readix. 
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(2) Associated machines for card handling, tabulation, sort- 
ing, etc. 
Paychiatric facilities: (1) A neuropsychiatric department in the 
base hospital consisting of eight psychiatrists and two psychologists 
are available for consultation. 

Subjects: (1) Approximately 50 test pilots with combined experi- 
ence in all latest model aircraft are assigned to this Center. 


14. Trarntnc Equiement Brancu, SrmutatTor Resgarcn Section, 
AgronauTicaAL Accessorres Laporatory, Wricut Arr DeEve.op- 
MENT Division, Wricut-Patrerson Arr Force Base, Outo 


In 1957 it became apparent that the problem of training operator 
and maintenance personnel was rapidly outstripping the available 
technology. Several outstanding engineers and scientists were 
selected from the various groups involved in the production of train- 
ing equipment and organized into the Simulator Research Section. 
The purpose of this section is to develop new and Sanya engineer- 
ing techniques for the design, development, and evaluation of simu- 
lation equipment for the training of human components of advanced 
weapon systems. 


Programs 


The effort of the Simulator Research Section is presently broken 
down into six areas. These are listed below: 
(1) Mathematical studies. 
(2) Computer components. 
ta System synthesis. 
(4) Display synthesis. 
(5) Environmental simulation. 
(6) Monitoring and map, § 

The major goal of the effort in these six areas is to produce flexible 
alectronic simulation equipment capable of supporting training and 
human factor research from the outset of a weapon system develop- 
ment. A recent breakthrough in digital simulation development 
jointly with the Navy, a Universal Digital Operational Flight 

rainer, is typical of the desired capability. Present plans are to 
use UDOFT for training and design studies on Dyna-Soar. 

In the future, the major areas of effort will remain the same; 
however, the emphasis will shift from simulation equipment to moni- 
toring, scoring, and synthetic simulation of environment. The. new 
cee discipline of bionics is expected to contribute heavily in the 

ture. 

The authority for present and anticipated programs is the Air 
Research and Liralowtnant Command Applied Research Objective: 
~ raining Equipment, Simulators and Wochniques for Air Force 
Systems. 


Facilities 

Present facilities consist of approximately 1,300 square feet of floor 
space, a small Sore and miscellaneous recording and meas- 
uring equipment. e floor space is presently inadequate—at least 
1,000 additional square feet of space are needed. The analog computer 
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is obsolete and should be replaced as quickly as possible. There is a 
need for a small digital computing facility. 

The present program is oriented to astronautics; however, the tech- 
niques and equipment developed are equally pertinent to airborne 
weapon systems. In the event that the organization were not assigned 
a role in astronautics, it could with only minor reorientation, produce 
valuable results in the field of airborne weapon systems. It is fur- 
ther possible to provide techniques and equipment of value to military 
ground forces. 

FISCAL DATA 


Budget estimates for the present and near future are as follows 

(1) Fiscal year 1960 ; $822,000. 

(2) Fiscal year 1961 ; $922,000. 

(3) Fiscal year 1962 ; $1,072,000. 

Costs of present contractual commitments to non-Government groups 
are as follows 

(1) Mathematical studies: Studies to produce mathematical mod- 
els or descriptions of vehicles, vehicle systems, etc., so that the vehicle 
and systems can be simulated ; $75,000. 

@) Computer components: Development of computer components 
such as function generators, multipliers, etc. ; $35,000. 

(3) System synthesis: Develop flexible simulation techniques for 
simulating systems, i.e., hydraulic, electrical; $100,000. 

(4) Display synthesis: Develop simulation techniques for visual 
landing, et cetera; $190,000. 

(5) Environmental synthesis: Develop techniques for simulating 
aerospace environment synthetically ; $140,000. 

(6) Monitoring and scoring: Develop techniques and hardware 
to monitor and score the performance personnel being trained; 
$210,000. 

Costs of future contractual efforts will be similar in distribution. 
There will be a requirement for approximately 25 percent to 50 percent. 
additional funding. 

Present capital investment is estimated at $200,000. It is estimated 
that this will increase to $500,000 when obsolete equipment is replaced 
and facilities are expanded where required. 

There are no plans at present to ObRD services or award projects 


to other Government services. Assistance has been given informally 
in the past to such groups as NASA and the Federal Aviation ae 
No formal programs with other organizations are anticipated for the 
immediate future. 


Staff breakdown 


eet lectrical engineering. 

aster of science, e ica a thee dieieepedl 
Bachelor of science, electrical engineering 
Bachelor of science, mathematics 
Bachelor of science, mechanical 

Support staff: 





DEPARTMENT OF THE NAVY 


A. DeparTMENT oF THE Navy Fiscan SuMMARY FOR AEROSPACE 
Revatep Lire Scrence Programs 


Research budget 3! 
Present value 
Installations of installa- 
tions 


U.8. Naval Medical Research Institute. 

U.S. Naval Medical Research Laboratory 
U. 
A 


£ 
8 


& 
S8SS25 


. Naval School of Aviation Medicine 

viation Medical Acceleration Laboratory 
Air Crew uipment Laboratory 
U.S. Naval Missile Center 3 aaa es ec tee ae 
Biological and Psychological Sciences Division, Office of Naval 

Research . _ . . ana 1, 435, 000 
U.S. Naval Research Laboratory : 564 626, 000 
U.S. Naval Training Device Center 165, 000 


5 


é 


Bz 


< 


Oe on 
mm > 

=a 

F 


i dennnaneabtibhiphalaitcsmas Obed 6, 476, 000 


1 Combined fiscal data for 6 of the above activities and the Navy bureaus. The combined intramural 
research budgets for the following U.S. Naval activities are indicated below: Air Crew Equipment, Lab- 
oratory, Aviation Medical Acceleration Laboratory, Naval Missile Center, School! of Aviation Medicine, 
ogy Medical Research Institute (Bethesda), and the Naval Medical Research Laboratory (New London, 

onn.): 

Fiscal year 1960 
Fiscal year 1961 


Contracts and grants to nongovernmental groups 


Fiscal year | Fiscal year 
1960 1961 


Escape, survival, recovery, and rescue $907, 000 $1, 218, 000 
Physiological protective systems and personal equipment 657, 000 985, 000 


For the U.S. Naval agencies listed in this paragraph, it is anticipated that any project awards to other 
Government agencies or in-house research to be performed for other Government agencies will be limited 
to certain support tasks for NASA’s Project Mercury. No estimate of funding is available at this time. 
2 Includes contract funds for Navy bureaus aerospace life sciences contracts. 
aN oe a - sciences laboratory; however various items of its equipment are being.used for life sciences 
research and test. 
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B. DepaRTMENT oF THE Navy Srarring Summary For AEROSPACE 
Rewiatep Lire Scrence Programs 


Doctors ! Masters Bachelors 
Installations 


Mili- | Civil- | Mili- | Civil- | Mili- | Civil- | } 
tary ian tary ian tary ian 


U.S. Naval Medical Research 
Institute 

U.S. Naval Medical Research 
Laboratory 

U.S. Naval School of Aviation 
Medicine 

Aviation Medical Accelera- 
tion Laboratory 

Air Crew Equipment Labora- 


Biological and Psychological 
Sciences Division, Office of 
Naval Research 

U.S. Naval Research Labora- 


1 Includes M.D.’s, Ph.D.’s, dentists, veterinarians, 
2 Includes technicians, stenographers, and other support personnel, 


C. Lare Scrence Programs 


1. U.S. Naval Missile Center, Point Mugu, Calif. 

2. Biological and Psychological Sciences Divisions, Office of the 
Assistant Chief for Research, Office of Naval Research. 

3. U.S. Naval Research Laboratory, Office of Naval Research, 
Washington, D.C. 

4. U.S. Naval Training Device Center, Office of Naval Research. 

5. U.S. Naval Medical Research Institute, National Naval Medical 
Center, Bethesda, Md. 

6. U.S. Naval Medical Research Laboratory, Submarine Base, New 
London, Conn. 

7. U.S. Naval School of Aviation Medicine, U.S. Naval Aviation 
Medical Center, Pensacola, Fla. 

8. Aviation Medical Acceleration Laboratory, U.S. Naval Air De- 
velopment Center, Johnsville, Pa. 


9. Air Crew Equipment Laboratory, U.S. Naval Air Material Cen- 
ter, Philadelphia, Pa. 


1. U.S. Nava Missttz Center, Pornr Mveu, Cane. 


The Bioscience Office of the Pacific Missile Range was established 
on March 2, 1959, to be responsible to the Deputy Commander, PMR, 
for analyzing and coordinating ground support requirements for 
range users for bioscience and medical facilities. in missile and space 
vehicles programs, including: planning for.such medical facilities, 
procedures and/or personnel protective equipment to support range 
operational requirements ; the planning for providing biological facili- 
ties on the range complex to support national bioastronautics pro- 
grams; the initiating of programs or projects to correct existing or 
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anticipated medical and bioastronautics range deficiencies and facili- 
ties, personnel equipment and/or procedures; effecting liaison and 
eoordination of PMR activities with industry, universities, and non- 
profit organizations and other Government agencies interested in or 
camenal with bioscience; and the planning of long-range bioscience 
programs. 

The Life Sciences Department was established on October 20, 
1959 in full agreement with the policy of the Chief of Naval Opera- 
tions to be responsible to the Director, Missile and Astronautics, for 
the direction, planning, coordination, and administration of basic 
and applied research in aerospace medicine in support of naval, or 
other national requirements as assigned, and, as programed by the 
Bioscience Office to support range operation requirements, including; 
behavioral science, environmental survival and safety, personnel selec- 
tion, and training methods and devices; the prosecution of programs 
which may in turn be delegated as tasks or subtasks to other depart- 
ments; the maintenance of a continuing program of inquiry into 
present and future needs within the areas of assigned responsibili- 
ties; the coordination with laboratory and other organizational ele- 
ments for the development of facilities to supplement the national 
capabilities in the field of life sciences; the maintenance of liaison 
and coordination with cognizant governmental, universities, and in- 
dustrial officials in other agencies concerned in the related functions 
or theories; the presentation and justification of long-range programs 
to the Director or higher authority, and the dissemination of in- 


formation to interested and cognizant military and scientific groups, 
as directed. 


Current major programs 
Biological 
AERO SPACE 


1. Laboratory and operational 1. Provide laboratory, basic 
investigation of high altitude en- support and project liaison with 
vironments. ran, for biopack operations 

(a) Human exposure to pending development of in-house 
84,000; 100% O:. capability. 
(5) Acclimatized human 
exposure to 40,000; 100% O, 
for 1 day. 
(c) Long-term exposure of 
animals to 34,000; 100% O.. 

2. Studies of toxicity, noise and 
heat hazards of guided missile sys- 
tems. 


Psychological 
1. Effects of vibration on performance: 
3} On helicopter pilot proficiency. 

b) Effects of preconditioning. 
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Medical 
1. Real time monitoring and oo physiological data (elec- 


trocardiogram, electroencephalogram) 


om air crews during high 


performance missile system flight tests. 
2. Operational evaluation of Mark IV Full Pressure Suit. 


AERO 


1. Monitor consoles for display 
of 
guided missile operations. 

2. Recording of physiological 
data for postflight analysis. 

3. Prepost flight examination of 
pilots. 

4. Development and evaluation 
of operational 
tion. 


Future major programs 


SPACE 


1. Monitor consoles for display 


physiological data during of physiological data during orbi- 


tal and probe operations. 

2. Recording of physiological 
data for postflight analysis. 

3. Prepost flight examination of 
astronauts, 

4. Development and evalution 


bioinstrumenta- of operational bioinstrumenta- 


tion. 


Biological 


AERO 


1. Maintenance and training 
for new air crew personal equip- 
ment. 

2. Effects of vibration on alti- 
tude tolerance. 

3. Evaluation of Firewell and 
Robertshaw-Fulton miniature 
mask mounting O, regulators dur- 
ing explosive decompression. 

4. Combined vibration and ac- 
celeration lab studies on animals 
and human beings. 


SPACE 


1. Support and conduct bio- 
pack, high altitude and space op- 
erations. 

2. Evaluation of open and 
closed eres system. 

3. Research on reaction to mul- 
tiple stresses, 

4. Development and test of in- 
flight radiation, heat, cold protec- 
tion equipment. 

5. Laboratory experimentation 
on biological subjects in opera- 
tional environments. 

6. Development and test of in- 
flight gaseous environmental mon- 
itoring instrumentation. 
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Psychological 


AERO 


1. Pilot training and evaluation 
under simulated emergency condi- 
tions in cockpit mockup on 32’ 
centrifuge. 

2. Human engineering analysis 
of man/machine relationships. 

3. Research to establish criteria 
for differential selection of air 
crew and support personnel. 

4, Effects of vibration on per- 
formance: 

(a) Psychophysical limits 
of amplitude and frequency. 
(6) Mechanical and sound. 
_{e) Muscle tone versus 
time. 
(d) Biochemical studies to 
obviate preconditioning. 


Authority 


SPACE 


1. Research on reaction to mul- 
tiple stresses. 

2. Research on sensory depriva- 
tion effects. 

3. Selection, adaptation, and 
training in artificial life support 
systems. 

4, Evaluation of crew perform- 
ance in artificial life support sys- 
tems. 

5. Monitor capsule development 
to insure adequacy of human fac- 
tors consideration in design. 

6. Test capsule designs for ade- 
quacy and reliability under oper- 
ating conditions, 

7. By designing simulated cap- 
sules establish criteria and ee 
cations for operational capsules. 


Authority for the development of biological gr facilities to 
support range users requirements is inherent in the mission of the 


Pacific Missile Range. Authority for the development and utilization 
of physiological instrumentation on pilots operating on the range is 


inherent in the mission of the Naval Missile Center to test and evaluate 
guided missile systems. 

Authority for the Naval Missile Center to engage in life science pro- 
grams in astronautics is based on the Chief of Naval Operations 
requirement. 

Facilities 

Present facilities at the Naval Missile Center for instrumenting air- 
borne and recovery of physiological data are excellent. Facilities for 
displaying these data on consoles for real time evaluation are limited. 
The dovelopinent of consoles to accomplish this is planned for fiscal 
year 1961. 

Present facilities for laboratory simulation of operational conditions 
are satisfactory for projects with small animals and capsules. In 
some cases (vibration, acoustics) the present facilities are adequate 
for projects with human subjects. The fiscal year 1961 program will 
modify altitude chambers, and the 32-foot centrifuge for projects with 
human subjects. The expanded vibration facilities and hot-cold 
chambers for projects with man-machine combinations will greatly 
extend the research and development potential of the laboratories. 

It is planned to initiate studies during fiscal year 1961 for develop- 
ing facilities to permit simulation of extended space flights, and, in 
cooperation with other departments, design, fabricate, and evaluate 
complete man-machine systems. 
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The Pacific Missile Range Bio-Science Office obligations to support 
range users in research and development in space medicine indicate 
certain firm requirements. There is a current proposal for a-mobile 
animal mervigetacility as an interim measure. Fiscal year 1961 studies 
leading to permanent facilities which will be adaptable to future 
requirements are intended. These studies will include biological labo- 
ratories on shore, a research hospital at Point Mugu, and conversion of 
a hospital ship capable of serving island and shipboard operations 
wherever located. 

Without a mission in support of astronautics, the Life Sciences 
Department would function along lines similar to the poe presented 
herewith, but the magnitude of effort would be limited to activity in 
the Navy’s missile — and in support of the range operations 
requirements as specified in the Bio-Science Office functions. Re- 
search and development would still be required in the behavioral sci- 
ences, environmental studies oriented to survival and safety, selection 
and training work in support of fleet needs, and human factors aspects 
of such other activities as may be programed within the Pacific Mis- 
sile Range-Naval Missile Center complex. 


Services to NASA 


Capt. Carl E. Pruett, MC, USN, and Lt. Comdr. Glenn F. Kelly, 
MC, DSN, have been assigned as medical monitors for the Mercury 
program. 

Staff chart 


Scientific personnel Administrative and technical 
support personnel 


Total 





Officers} En- Civil- | Total |Officers} En- Civil- | Total 
listed | ians listed | ians 


Bachelor’s degree in— 
Chemistry and graduate 
of pharmacy -......... ws Accnannekenaiaaiel 1 
eb te en tick vice sacdncbonsionbascndindeleisaiaupabignibcndsiliobinddiansteidetmnnicsceaiaee 
PUP OROIGY iii cdc ttinsittanscatttedenand 1 Ba cen stnicaie alesttanince tienen Nalin ieee animes 
Other (specify): Elec- 
trical engineer. .-..... 1 locmunndchenannnne 1 
Master’s degree in— 


III Ti... ark a hlihaenannlaccidinmns!<benaiitiehsiiiinhmlloamcamialndaiwenteliniamedimadaiicecnieiiiamhienih 
Doctors of medicine_.....__- Billi dasshsupadeey 2 
General practitioner 
WU CONES BO dS Saleed aoc bie ado ge xl accdasce ta ceah bel cgwkecstadkilce dienes chk sake Deeks 
Other specialties (spe- 
CIE ncbimrantectanunsiditnshiedieel seaieapeabisatiosingnttieratiietasidientisslieiainesinmonkcaiitasaiidiacdiae 
Other doctoral degrees: 
Specify by specialty: 
Psychology (4); Doe- 
tor of Science (1); | - 
Physiology (1)........ BRS cai a 3 Oh .ncithsinclpienngunhteniingh natch ania’ 
SGURMEE is oe Bah 22>! 71 ay 4 6 


‘1 consultant graduate of pharmacy and bachelor of chemical engineering has additional duty with 
Bioscience Office and Life Sciences Department. = . 

? 1 flight surgeon is a qualified naval aviator. 

1 lieutenant Medica! Service Corps Administrative and Downrange Support, Bioscience Office, 

‘4 Hospital men, aviation technician, Jow pressure chamber operator, Life Sciences Department. 

* 1 GS-12 Electronic Technician, Life Sciences Department. 
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Major physical resources 
[Square feet of floorspace] 


1. Bioscience: Office 
2. Life science: 


Office 
Shop and laboratory .. 


1 This refers to part-time use as programed of the new Environmental Simulation Laboratory (26,000 
square feet). 


Special items of research equipment 


Value 
Future 


Vibration !__. $118,000 plus, 
Acceleration !_ : } lus. 


Altitude/temperature/humidity ! 
Climatic/temperature/humidity ! (completion date August 1960) 
Auxiliary pickup display and recording instrumentation ! 
Simulated test capsules 

Monitoring consoles 

Low pressure chamber. - - 


1 The facilities listed are those which are presently used for the laboratory test and evaluation of guided 
missiles systems and components. They are considered equally useful in conducting environmental studies 
on animals and in some cases on humans when appropriately modified. The existing facilities are to be 
relocated to the newly constructed environmental simulation building. 

A monitoring console will be one of the additional tools required in employing these facilities for physio- 
logical and psychological studies. The simulated capsules will provide test beds for the evaluation of new 


ecological subsystems and personnel performance under the simulated operational conditions of pressure, 
shock, vibration, acceleration, and temperature. 


FISCAL DATA 


See the fiscal table at the beginning of the Department of the Navy 
section. 


Fiscal year 1961 budget item, “Monitoring Consoles” 


1. Real time data display of physiological, cabin, and pressure suit 
functions during instrumented operations on the range and in the en- 
vironment simulation laboratory is required. A properly configured 
data display system will enable the personnel monitoring the state 
of the subjects under test to make continuous and rapid evaluations 
of the test environment and its effect on the subject. 

2. Funds are requested to configure one console for operation with 
aircraft and another for operations in the environment simulation 
laboratory. 


2. BrotocicaLt AND PsycHo.oeicaL Scrences Divisions, OFFIce oF THE 
Assistant CuHler ror RerskarcH, OFFICE oF Navan REsEARCH, 
Wasuineron, D.C. 


This Office was established by the Chief of Naval Research in ac- 
cordance with Public Law 588, 79th Congress, the establishment of 
the Office of Naval Research. 

The mission of the Office of Naval Research is as follows: * * * 
The Chief of Naval Research shall conduct research in augmentation 
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of and in conjunction with the research and development conducted 
by the respective bureaus and other agencies and offices of the Depart- 
ment of the Navy * * *. 

The mission of the Office of the Assistant Chief for Research in- 
cludes: Plans and directs the Office of Naval Research contract re- 
search program to assure maximum advance recognition of the effects 
of scientific and technological programs to meet the future needs of 
the operating forces. 


Current major programs 
1. Stress physiology 


This program provides information for the protection and the im- 
proved performance of personnel under adverse conditions. Such 
information as accrued from determination of human capabilities 
and limitations, physiological studies of circulation, respiration, and 
temperature regulation; indicies of stress, fatigue, and performance; 
mechanisms of adaptation and acclimatization; and analysis of the 
mental and physical impairment produced by these operational and 
environmental stresses. 


2. Regulatory physiology 


This work comprises a spectrum of investigations on the mech- 
anisms of reception integration, transmission of information and be- 
havioral responses, and on the conversion, storage and utilization of 
energy for important life processes, such as growth and wound heal- 
ing, work output, and mental activity. This is a rapidly advancing 
frontier of biological science. 


3. Towicology 


The objective of this work is to obtain basic information on the ac- 
tion of toxic materials on biological organs or systems with the ulti- 
mate aim of developing new and better procedures for toxicological 
evaluations, 


4. Microbiology 


This work is designed to provide information in various areas of 
microbiology for the development of more effective methods for the 
control of microbial agents. The objectives are to: (1) devise im- 
proved measures such as immunizing agents, antibiotics and chemo- 
therapeutic substances for protection against agents of infectious 
diseases; (2) determine the mode of action, and develop means for 
control and utilization of micro-organisms of importance in Naval 
environments; (3) determine and develop microbial chemical reac- 
tions that may result in products of importance to naval operational 
requirements; (4) devise and improve procedures for the detection 
and identification of microbial agents in the atmosphere and elucidate 
factors involved in their transmission, viability, and pathogenesis, 


5. Biochemistry 


Acquisition and application of biochemical information to oper- 
ational problems involving human, marine life, disease vectors, and 
agents and other useful or harmful forms of life are sought. Objects 
of special attention are protein structure and formation; hormones 
and their activity mechanisms, structure, and activity mechanisms in 
enzymes. These substances and mechanisms are common to all forms 
of life in the earth. 








| 
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6. Biological orientation 

This comprises a spectrum of investigations of the mechanisms em- 
ployed in the reception, integration and transmission of information 
stimuli, as well as the behavioral responses to these stimuli. Using a 
variety of biological organisms which exhibit orientation and navi- 
ee phenomena as models. Investigators on this project are en- 

eavoring to characterize by means of cytological, physiological, bio- 
physical, and ecological means the cellular, tissue, organ, and systems 
components, and their interrelationships in orientation and loco- 
motory behavior. 


7. Biophysics 

The object of the work is to acquire information on problems which 
involve interactions between physical phenomena and biological sys- 
tems. Examples of such problems are the exposure of personnel to 
abnormal amounts of noise, radiation, heat, and pressure; the nature 
of forces controlling structural configuration of biological molecules; 


energy transfer mechanisms, and the use of physical principles in un- 
derstanding the nature and origin of life. 


8. Medicine and Dentistry 


This subproject will provide information at both the fundamental 
and clinical levels which will lead to the improvement of means for the 
prevention and control of disease. Improved methods for the treat- 
ment of disease and injury will be developed. 


9. Sensory mechanisms 


This program includes research on the minimal and optimal physi- 
cal stimuli, i.e., light, sound, body displacement, etc., capable of elicit- 
ing a response under specified conditions. The physiology and func- 
tion of the receptor end organ, the initiation of the neural impulse, 
awareness of the stimulus field and, finally, the responses to varying 
stimulation are subject to analysis. These investigations augment 
knowledge concerning the normal functioning of human sensory sys- 
tems as well as their fluctuation under systematically varied condi- 
tions of the individual and the environment. 


10. Perception and orientation 


The objective of research under this program is to obtain quan- 
titative data on the nature and operation of the factors involved in 
perceptual responses to objects spatially and temporally related, and 
to signals, messages, or communications presented in visual, auditory 
or other forms. Additional investigations under this program are 
concerned with the perception of body motion, orientation in space 
in the absence of visual cues and the adjustments made by the body 
under conditions of conflicting cues as to motion and body position. 


11. Neural basis of behavior 


Investigations are concerned with the function of the nervous 
system and its integration with other components of the body struc- 
ture. The primary objective is to determine the relationship between 
specific neural activity and various patterns of behavior, e.g., learn- 
ing and memory, psychomotor activities, and work performance 
under normal conditions and also under conditions of stress, result- 
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ing from extension of operational and human tolerance limits or 
unusual environmental] conditions. 


12. Response mechanisms 


The research involves the determination and consideraticn of such 
factors as the sensory capacities, motor skills, body strength, physical 
dimensions, and perceptual and mental abilities of operating person- 
nel. The objective is to provide the basic behavior data necessary 
for application to the design, production and operation of military 
equipment which will make maximum use of the operator’s skills and 
consonant with his physical and psychological capacity. 

13. Basic traits 


Research on the isolation and measurement of basic human char- 
acteristics is designed to extend fundamental knowledge of in- 
tellectual and personality traits. The objectives are to describe the 
intellectual functions involved in such areas as verbal, numerical, 
spatial, and mechanical abilities; to isolate and measure the skills of 
reasoning, productive thinking, planning, and judgment; and to 
extend knowledge of and techniques for measuring personality 
and other nonintellectual aspects of behavior. 


14. Selection problems 


Research on selection and classification problems applies knowledge 
about basic human behavior traits for predictive purposes and in 
general is aimed at specific personnel utilization objectives. The 
overall objective of such a research program is to improve established 
techniques for assessment, selection, and classification of personnel 
and to develop new techniques for these uses. 


15. Billet classification 


The purpose of this program is to furnish the necessary basic data 
for other personnel research, training research, and occupational clas- 
sification. Research in this area also contributes to the development 
of realistic manpower requirements and the discovery of new methodo- 
logic approaches and techniques. 


16. Performance criteria 


The goal of criterion research is to develop objective measures 
against which selection, classification, and training procedures can 
be validated. The measures may be obtained by means of a variety of 
techniques, such as utilizing production records, achievement of per- 
formance examinations, ratings, check lists, etc. Their worth is gen- 
erally proportional to the degree to which the measures reflect pro- 
ficiency of performance in the actual behavior for which one is at- 
tempting to predict or to train. 

17. Training and education 


Research on problems of training and education is concerned with 
human learning and forgetting as these affect task performance and 
the determination of the conditions which, in one way or another, af- 
fect these functions. 

18. Group effectiveness 


This program views the group as the unit for study. It involves 
the investigation of those variables which either enhance or detract 
542326010 
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from group effectiveness and the development of measures of team 
performance. 


19. Indiwidual effectiveness 


The. formation of efficient harmonious teams depends on: (1) 
Having reliable and sensitive methods of measuring group objec- 
tives, structure, process, satisfaction, and productivity; (2) selectin 
and assigning members who are able and willing to play roles which 
will be available to them in the task situation and who will find their 
role playing facilitated by the members with whom they will have 
to work; (3) establishing and maintaining motivating conditions 
which will facilitate the emergence of leadership, cooperation, and 
otherwise effective interaction under stress as well as nonstress condi- 
tions; (4) training members to work together effectively; (5) manip- 
ulating conditions in such a way as to raise productivity, increase 
group identification and produce acceptance of new working con- 
ditions. The objective of this project is to investigate variables re- 
lated directly to items (2), (3), (4) and (5) above. A different 
program is concerned with item (1). 


20. Human engineering 


The overall objective is to provide the cone engineer with data 
and principles of human behavior which can be used in the design 


of military man-machine systems. The end-products are reports, 
handbooks, bibliographies, and compendia of research information. 


21. Disturbed mental states 
The project aims to determine the nature and predisposing condi- 


tions of disturbed psychological states, and to develop predictive in- 
struments and remedial techniques for these disorders. 
22. Submarine habitability 

The requirements must be determined for man’s existence and 
efficient performance in a vehicle isolated in the ocean. Some of the 
factors which must be investigated in this determination are: atmos- 
pherics and toxicology, environmental factors, and possibly others. 
Only after determining the nature of the overall requirements of 
man can a program be organized for providing him with his needs. 
It is anticipated that the results of this research will be directly 
applicable to the environmental problems connected with space flight. 


23, Integrated command control 


This program seeks to increase the effectiveness of naval craft 
by decreasing crew and training requirements, reducing operational 
and logistic costs, and increasing the performance efficiency of operat- 
ing personnel. The program consists of feasibility studies includ- 
ing human engineering and systems engineering. Full integration 
of all functions necessary for the exercise of command control is a 
primary objective of this program. 

Future major programs 
1. Stress physiology 

The distribution of effort among the several evironmental and op- 
erational stress factors is expected to remain at about the same pro- 
portions. Increased emphasis will be placed on the study of the 
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fundamental physiological processes involved in stressor effects at 
‘the subcellular, cellular, and tissue levels of organization. Effort 
will continue to promote liaison among physiologists and laboratories 
doing related. research. Information obtained which is applicable 
to stress situations will be made available to appropriate agencies. 


2. Regulatory physiology 


It is hoped to expand the present regulatory physiology program to 
include research on the comparative physiological aspects of regu- 
latory systems. In this way, by studying the evolutionary pathways 
of regulatory systems, a fresh insight into present concepts or even 
the development of new concepts regarding basic physiological phe- 
nomena can be obtained. 

The physiology branch will continue its efforts to promote liaison 
among Government laboratories and contractors working in regula- 
tory physiology and related fields. 


8. Towicology 


The accumulation of toxicological data pertinent to the Navy’s re- 
search and development program will continue. Research, designed 
to provide improved procedures for evaluating toxicity, will be con- 
tinued and expanded. 


4. Microbiology 


Effort will be continued toward elucidation of fundamental physi- 
ologic mechanisms of bacteria, viruses, protozoa and fungi in their 
relationships with each other and to their human and animal hosts, 
and the effects of chemotherapeutic agents on them. Research into 
the mechanisms of disease production will be stressed and additional 
work is planned for the development of improved measures for pre- 
vention and control. The areal of the relation between nucleic 
acid and protein synthesis in bacterial cells will receive attention in 
work designed to produce a system capable of carrying all the stages 
of protein synthesis. Studies on the genetics of microorganisms will 
be emphasized in attempts to solve problems concerned with variation 
of virulence and resistance to antibiotics and other protective agents. 
In the areas of marine microbiology, investigations will be directed 
toward such basic problems as productivity of the sea in relation to 
microscopic organisms utilizing the chemicals and soluble nutrients 
of the sea and to factors involved in deterioration and decay of naval 
materials. Extension of studies on lignicolous salt water fungi will 
include strength test studies in relation to pertinent physiological 
and morphological characteristics of the fungi. 

5. Biochemistry 


The research described under this project will be continued, em- 
phasizing, especially, protein chemistry, enzyme kinetics, and the 
metabolism of less intensively studied elements such as sulfur. 


6. Biological orientation 
It is expected that further information will be obtained on the 
mechanisms of both the time and direction sense in animals which 


may prove to be a basis for the development of mechanical or electronic 
analogues in guidance systems. 
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7. Biophysics 

The accumulation of physico-chemical data on peptides will con- 
tinue and will be extended to proteins. The relation between these 
data and the functional behavior of the protein, e.g., hemoglobin, will 
be sought. 


8. Medicine and dentistry 

The problem of finding the most efficient and satisfactory means for 
the preservation of whole blood and blood components will continue to 
be emphasized because of the urgency involved. To this extent, in- 
creased support is being given to a research program wherein liquid 
nitrogen is being utilized as the refrigerant for long-term storage 
of whole blood. 

Considerable effort will be devoted to the general problem of tissue 

reservation and transplantation. Specifically, more attention will 
given the enormous problem of induced tolerance and “tissue com- 
patability,” particularly from the immunochemical and genetic stand- 
points since these areas contain the key to the predominant factors 
which govern the “take” or “rejection” of homo- and heterographs. 

Studies concerned with environmental conditions such as cold 
weather, pollutants, and others which affect the health of personnel 
will be continued. Upper respiratory pathology and physiology wil] 
be continued. Fluid and electrolyte balance in stress will be em- 
phasized, particularly in relation to the treatment and management 
of burns, postoperative trauma and other stresses. 

The primary concern of the dental research program will continue 
to be the control and/or prevention of dental caries and periodontal 
disease. Emphasis will be placed on elucidating the mechanism in 
tooth metabolism, the pattern of tooth decay, and the external factors 
in the mouth or in physiologic processes which predispose this tissue to 
decay or in some way influence it. The study of the role of oral 
tissues, fluids, and substances in the oral environment in the defense 
against these diseases will continue. Minor phases of the program 
such as studies for improving restorative materials and radioisotopes 
for radiographs will continue. 


9. Sensory mechanisms 


This program is structured to provide scientific coverage of the 
broad field of the sensory systems from the delineation of appropriate 
physical stimuli, through the receptor end organ, the afferent system 
and finally the response at the cortical level of the brain. 

It is anticipated that those tasks previously concerned with high 
level jet noise will direct their attention to discontinuous blast type 
noise and also the acoustic characteristics of rockets, missiles and 
space vehicles. 


10. Perception and orientation 


The research program during the coming year will provide a dual 
approach to the problem of perception. On the one hand those tasks 
which are directed toward concentrated study of the structure, mech- 
anisms, and limits of the perceptual system within a single sense 
modality will be continued. On the other hand, effort will be directed 
toward studies of the interaction or interdependence of the sensory 
systems in determining perceptual efficiency, as represented by studies 
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of sensory isolation, perceptual response in a homogeneous field, and 
the stimulus analyzing or coding mechanism at the cerebral] level. 


11. Neural basis of behavior 


The multidisciplinary approach encouraged under this program will 
be continued. Particular stress during the coming year will be put on 
studies concerning the influence of drugs on human performance ef- 
ficiency. Behavior studies will be initiated to investigate the use of 
drugs in terms of their influence on the mitigation of work decrement, 
enhancing a particular aspect of performance, delaying the onset of 
fatigue and other effects which might permit military personnel to 
function more efficiently. It is anticipated that research will be un- 
dertaken concerning electroencephalographic and microelectrode re- 
cording from the visual cortex. 


12. Response mechanisms 


It is anticipated that the U.S. Naval School of Aviation Medicine 
will continue to assume increasing responsibilities for certain of the 
profitable research activities initiated under this program with par- 
ticular reference to operational evaluation of communication tech- 
niques and noise protective devices. 

ncreased emphasis will be placed upon research dealing with hu- 
man performance under conditions of whole body vibration. ‘These 
studies will not only include physiological and psychological meas- 
ures but also evaluations of various control-display relationships 
which may reduce performance impairment under conditions of vibra- 
tion and stress. 


13. Selection problems 


Methodological studies, such as the explorations in the area of 
differential prediction and the research on test theory will continue. 
Test development will be undertaken in line with the dictates of 
service needs. As fundamental traits are identified in the research 
on basic psychological traits, techniques for their measurement will 
be undertaken in appropriate cases. Experimental tryout, refine- 
ment, and validation of currently developed tests will proceed where 
necessary. A shift in research emphasis is anticipated in the comin 
year as a result of a changing trend in the way in which personne 
selection is viewed. There is an increasing tendency to view person- 
nel programs as systems with selection, training, etc., considered to 
be subsystems within the larger whole. Changes in research approach 
are anticipated as a result of this new concept. 


14. Billet classification 


Future efforts in the billet classification and analysis domain will 
be directed toward the formulation of a general conceptual frame- 
work intended to provide the basis for describing jobs in general. 
There is a great need for work in this area since so many personnel 
and training decisions within the military are dependent upon the 
accuracy of job descriptions. Many of the currently available de- 
scriptions are situation-bound and suffer from the fact that they are 
produced during preliminary stages of weapons development and are 
necessarily based on speculation or superficial knowledge of the skills 
involved. A taxonomy of tasks will provide a set of common param- 
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eters which can be used to deseribe any job in psychologically mean- 

ingful terms. In addition to the initiation of research aimed at 

defining basic job ns comparative evaluation of the avail- 
oO 


able methods for collecting job descriptions will be conducted. 


15. Performance criteria 


The broad program of research on human factors problems in 
ASW, antisubmarine warfare, will continue. Emphasis in the com- 
ing year will be on experimental studies of sonarman training aimed 
at increasing classification proficiency. Basic work on target detection 
(vigilance) will continue as will the research on target classification, 
specifically on rotational directional transmission modified sonars. 
The Electronics Personnel Research Group will continue their pro- 

m in two large interrelated areas; the use of electronics equipment 
in naval operations, and the maintenance and repair of this equipment. 
The criterion problems of the aviation technical rates will continue 
to receive research attention and new tasks will be undertaken as per- 
sonnel research in new weapons and related developments bring cri- 
terion problems to light. e initiation of effort aimed at objectify- 
ing the evaluation of fleet exercises, particularly ASW exercises, is 
also planned. 


16. Training and education 

Research in human learning pointed toward the eventual estab- 
lishment of the optimal conditions for learning will continue to re- 
ceive support. Training research, or studies in the applied psycho- 
logy of learning, will continue. A task is being initiated which is 
aimed at clarifying some of the issues involved in the increased use 


of the so-called learning machines or automated tutoring devices. 
This will be directed at basic learning issues rather than on demon- 
strations of the teaching effectiveness of such devices. It is antici- 
pated that the initiation of research on personnel systems will affect 
somewhat the direction of the training research of the project. 


17. Group effectiveness 
There will be increased attention to group peenee solving, ex- 


tending research into the area of linguistic and logical analysis of 
problem solving processes and machine simulation of the interaction 
involved. Such analysis will be used for purposes of theory building. 
A new area of interest, will be the study of the interrelationshi 
of groups as units. Pairs of groups will be placed in a mutual prob- 
lem situation and their mses studied under various conditions. 
Work will continue on effects of group composition and structure 
on interaction, mathematical models of group behavior, communica- 
tion patterns under various task conditions, and personal needs in 
group situations. 
18. Individual effectiveness 


Considerable effort will continue to be devoted to analysis of the 
place of attitude change in peg of concept formation and 
alteration of belief systems. ects of personality differences on 
such processes will also be determined. 

Also continuing will be work on the leadership position as it re- 
lates to the leader’s attempts to influence, his acceptance by followers, 
and his true task effectiveness as contrasted with popularity. A new 
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emphasis will be manipulation of rewards for leadership attempts, 
to determine whether such reinforcement increases the display of 
leader behavior. 

Study of social perception will increase and be extended into the 
area of perception of other cultural groups. 


19. Human engineering 


The long-range program of improving communications and pro- 
viding the design engineer with human engineering assistance and 
data will be continued. 


20. Submarine habitability 


Research into the ramifications of a human being in a closed space 
environment will continue. 


21. Integrated command control 


Additional research and development in support of the objective 
of this program will be recommended as a result of the requirements 
and capabilities disclosed in preliminary studies. 

Authority for present and anticipated future programs.—Authority 
rests with the Basic Public Law, Secretary of the Navy Instructions 
and Operational Requirements. 

Suitability of present and planned facilities to the current and as- 
sumed future missions of your organization.—Not applicable. 

If not assigned a mission in support of astronautics, what other 
roles could this ee perform in meeting life sciences research 
requirements of the armed services?—This organization has a basic 


mission to meet Navy requirements as specified above. Current and 


planned programs are related and do contribute to aeronautical and 
space sciences but have been established to support requirements of 
e naval forces, 
FISCAL DATA 


Budget estimates for present and future programs, fiscal years 1960-61 


gagree 


SERBS oS SBBSS 
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Costs of present and anticipated grants and contracts to nongovern- 
mental groups or educational institutions by major categories.—En- 
tire program is by contract. 

Capital investment in overall plant and equipment, both at present 
and anticipated for future.—Not applicable. 

Descriptions and costs of present and anticipated future services 
or project awards to other Government agencies for performance, or 
performed at inhouse facilities for other Government agencies.—Not 
applicable. 

Numbers and types of personnel on loan to other Government agen- 
cies or on loan from other Government agencies.—None. 

Major physical resources.—Not applicable. 


Staff breakdowns—Psychological Sciences and Biological Sciences Divisions 
combined 


Scientific staff Administrative and technical 
support staff 


Military | Civilian | Total: | Military | Civilian] Total 


8. U.S. Nava Researcu Laporatory, Orrice or Navat ResearcH 


In accordance with the recommendations of the Naval Consulting 
Board and by Act of Congress there was built at Bellevue, D.C., a 
Naval Research Laboratory which was formally opened July 1, 1923. 
Mission 

Under the direction of the Chief of Naval Research, the mission of 
the Naval Research Laboratory is to conduct scientific research and 
development in the physical sciences and related. fields directed toward 
new and improved materials, equipment, techniques and systems for 
the Navy. In fulfillment of this mission, the Naval Research Lab- 
oratory : 

(1) Initiates and conducts scientific research and development of a 
eae long-range nature in scientific areas of special interest to the 

avy. 

(2) Performs scientific research and development for the Bureaus 
and Offices of the Navy and, where specially qualified, for the Defense 
Department and, in defense related efforts, for other Government 
agencies. 

(3) Furnishes scientific consultative services for the Navy and, 
where specially qualified, for the Defense Department and, in defense 
related efforts, for other Government agencies. 


(4) Provides limited engineering test and evaluation services to 
the Navy. 
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Engineering psychology 

The overall objective of this research is to study the basic psycho- 
logical factors which underlie human performance in man-machine 
systems and to provide a set of psychological —— on the basis 
of which optimum system characteristics may be developed. 
Personnel protection against towie atmosphere and fire 

Studies of measures to insure atmospheres safe for breathing. 
Future programs 

Same as above. 
Authority for programs 


The Director of the Laboratory has delegated responsibility for the 
initiation and acceptance of research programs to the Laboratory’s 
Research Advisory Council. This Council is composed of the Direc- 
tor of Research and the three Associate Directors of Research. 
Suitability of facilities 

An architect and engineering study has just been completed to pro- 
vide new facilities for the current research program and for antici- 
pated future requirements. 

FISCAL DATA 


Budget estimates (in thousands of dotlars) 


Fiscal year | Fiscal year 
1960 1961 


Engineering psychology 233 
Personnel protection 393 


Grants and contracts: None. 

Capital investment in overall plant and equipment is $14 million 
through fiscal year 1959; $30,000 in fiscal year 1960; and $30,000 in 
fiscal year 1961 will be added. 


Present and anticipated future services or project awards to other 


Government agencies or performed at inhouse facilities for other Gov- 
ernment agencies.—N one. 





SPACE RESEARCH IN THE LIFE SCIENCES 
Staff breakdown 


Scientific staff Administrative and technical 
support staff 


Military | Civilian | Total | Military | Civilian| Total 


Doctor of Philosophy: 
Biology 


PUGET... .; anencvicimndleececauhe 
Physiology 

Biochemistry 

Chemistry 


Physi 
Doctor of Medicine: 
Preame of Medicine: Gen- 


e 
EMG CURR Ss akcaccanauc| bec endcsl coke cose |opecqncemetd piite ds ateyiinb-dunn tnd onitinde}- 
SPE IEE, « conctvepaclecddedtinaleasceeanat 

Other doctoral degrees: None. 

Master’s degree: 

Electrical engineer... ......}........-. 
Mathematics. 
Chemistry 
Psychology 
Bachelor’s degree: 


eRe oO noee 


Currently, there are no U.S. Naval Research Laboratory personnel 
on loan to other Government agencies nor are personnel from other 
Government agencies on loan to this activity for work in these fields. 
However, attention is invited to the fact that this Laboratory pro- 
vides extensive consultative service not only to members of the Depart- 
ment of Defense but to other activities as well. 

Major physical resources 

5,600 square feet. 
Special laboratory facilities 

None. Regular laboratory facilities are used for these programs. 
Special items of research equipment 


Mass spectrometer, infrared spectographs, an experimental combat 
Information Center facility, air-conditioned areas for atmosphere 
work, analog computer. 


4, U.S. Nava Training Device Center, Orrice or Navat Research 


The U.S. Naval Training Device Center, formerly a division of 
the Bureau of Aeronautics, was later reassigned as a division of the 
Office of Naval Research (formerly Office of rch and Invention). 


Its mission, under the direction of the Chief of Naval Re- 
search, is to contribute to the Navy’s operational readiness 
by eens the effectiveness of the naval training pro- 


gram PP the conduct of research leading to, develop- 
ment of, and production when assigned, of training devices, 
to fulfill the established requirements of the training agen- 
cies; to provide logistic support for training equipments 
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developed by it ; to study training problems as they may relate 
to training devices and recommend solutions, training tech- 
niques, and systems; to perform such other tasks as assigned 
by the Chief of Naval Research. 


Current major U.S. Naval Training Device Center programs for 
study on biological, medical, and psychological projects in support 
of the Navy’s aeronautical and space programs: 

(1) Engineering psychology : The objective of research in this pro- 
gram is to investigate and understand the behavior of man within 
organizational and machine systems, and to develop the foundations 
for a sound technology in applied psychology for application to train- 
ing devices. 

(2) Training device components (research and development) : This 
project covers the research and development pertaining to training 
aids and training device components in the fields of undersea, surface, 
and air warfare. 

Future major programs.—Same as above. 

Authority.—Chief of Naval Research. 

Suitability of present or planned facilities.—Present facilities are 
adequate for work programed through 1965. Planned modifications 
to existing Government facilities planned for 1965 are suitable for the 
conduct of the studies and laboratory work scheduled through fiscal 
year 1965. 

The U.S. Naval Training Device Center’s mission includes the con- 
duct of space and aeronautical support studies and the development 
of research models in support of the Chief of Naval Operations and 
the Navy Bureaus life sciences research and development programs. 
Further, when directed by the Chief of Naval Research, and within 
the availability of suitable physical and human resources, to under- 
take life sciences projects requested by the Army, Air Force, and the 
National Aeronautical and Space Agency. 


FISCAL DATA 
{In thousands] 


Included in above (costs of present and anticipated grants and 
contracts). 
' Capital investment assigned to above listed programs, $125,000. 
aoee to other Government agencies.— 
one. 
Number of personnel on loans—None. 
Major physical review 
Square feet of floor space : 3,000 square feet. 
Special laboratory facilities: None. 
Special item of research equipment: None. 
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Staff breakdown 


Scientific staff Administrative and technical 
support staff 


Military Civilian Total | Military | Civilian Total 


Doctor of philosophy: 
Psychology 
Master’s degree (specify) - 


Bachelor’s degree 
(specify). 
All other personnel 





5. U.S. Navat Mepicat Researcn Instirure, NarionaL Navan 
Mepicau Center, Beruespa, Mp. 


The Naval Medical Research Institute was commissioned as a com- 
ponent command of the National Naval Medical Center on October 
27, 1942, with an initial staff of 13 officers and 50 enlisted men. The 
mission of the Institute is to conduct research contributing to the 
improvement of the health, safety, and efficiency of naval personnel. 
During the years, the Institute was enlarged to approximately four 
times its original size and currently has a staff of 284 military and 
civilian personnel. The specific functions of the Institute are: To 
conduct research in fields of importance to naval medicine, to furnish 
consultative and advisory service to other naval activities, to train 
qualified personnel in research methods, and to maintain a nucleus of 
qualified personnel and suitable facilities for expansion in time of 
national emergency. 


Current major programs applicable to aeronautical and space 
activities 

(1) Radiation—This program is primarily concerned with the ap- 
plication of basic concepts in research to the measurement and evalu- 
ation of radiation effects upon the living cell and the entire organism, 
protective measures against ionizing radiations, and to a correlation of 
these factors. The institute divisions contributing to this area of re- 
search include Radiation Technology, Pathology and Pharmacology 
and Radiation Biology, and Physiology. 

(2) Environment.—The research programs in this area are pri- 
marily of a basic and applied nature to problems relating to phys- 
iological effects in man both in normal and in abnormal (extreme) 
environments. The relation of these programs to bioastronautics is 
most obvious in situations of thermal stress, human metabolism and 
energetics; i.e., heat production, heat storage and heat loss, human per- 
formance and efficiency, and physiological and pathological responses 
to abnormal concentrations of natural and unnatural atmospheric 
components. The divisions contributing to this area of research in- 
clude Bioenergetics and Physiology. 

(3) Acceleration.—This program represents a major effort pursued 
by the Biophysics Division of the Institute. It is primarily oriented 
to derive basic knowledge on the physiological and pathological effects 
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of vibration. Relevence te-bioastronautics isbased on knowledge. that 
intense vibrations occur during certain phases of missile operations. 
The likelihood that these mechanical forces will be coupled to the 
occupants of a space vehicle may alter the latter’s performance, or 
may cause injury. 

(4) Monitoring.—This work area is being carried out by the Avia- 
tion Medicine Division and currently represents the prime interest of 
that division. Active work in this area dates back to 1947. Rapid 
developments in the field of electronics have enabled the personnel en- 
gaged in this work to carry on a continuing program of refinement 
as well as the design and fabrication of original models of physiolog- 
ical telemetering equipment. 

(5) Metabolic cycles—Many of the Institute’s research programs 
pertain to studies of the metabolic processes that take place in biologic 
specimens as a whole or in their various component tissues. The 
overall program is broad and highly diversified. The projection of 
man into space must of necessity provide for his sustained perform- 
ance within his capsule. Economy of effort dictates that as many of 
man’s metabolic needs as possible be recovered from his bodily waste 
products. Recognizing this, the Chemistry Division of the Institute 


recently developed a relative easy system of recovering potable water 
from urine. 


Future major programs 


Further expansion of any of the existing programs to develop prom- 
ising and productive research along specific areas of interest to bio- 
astronautics will require additional finding and personnel. This 
consideration is necessary since budgetary restrictions exist and pro- 
grams of research of pertinent relevance to the overall naval military 
picture need to be maintained in appropriate perspective. The extent 
of such augmentation can only be determined after an overall medical 
research program in bioastronautics has been defined and assignments 
of the tasks are distributed to appropriate facilities. Areas where 
augmentation of our current programs are desired include further 
refinements of telemetering equipment for the transmission of bio- 
logical data and the procurement of high-speed X-ray equipment of 
approximately $50,000 value to demonstrate interior vibration effects 
on biological specimens including man. The Radiation Center of the 
National Naval Medical Center will be greatly augmented during the 
next 18 to 24 months by the acquisition of a large nuclear reactor and 
linear accelerator sponsored by the Defense Atomic Support Agency 
and under management control of the Bureau of Medicine and Surgery 
and the completion of the Radiological Exposure and Evaluation 


Laboratory (REEL) which will be under the management of the 
Naval Hospital command. 


Authority for present and anticipated programs 
Military requirements as promulgated by the Chief of Naval 
Operations. 


Suitability of present and planned facilities for the current and as- 
sumed future missions 


_ With the exceptions stated in the preceding subparagraph (d) ex- 
isting facilities are adequate for present and assumed future research 
programs and future mission in support of manned spacecraft. 
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Other roles in the absence of a mission in support of astronautics 

The overall research program of the Institute includes basic and 
applied research in a wide variety of fields of importance to naval 
military medicine. Each member of the scientific staff is highly spe- 
cialized and collectively they have capabilities in many fields of «n- 
deavor. These capabilities are now being exercised in important and’ 
productive projects which may at any time uncover principles or prod- 
ucts of importance to aeronautical and space activities. With its 
wealth of specialists in various research areas, the Institute can also- 
be of assistance in providing consultative and advisory services to 
special situations and train qualified personnel. 


FISCAL DATA 


See the fiscal table at the beginning of the Department of the Navy 
section. It can be added that the research program of the Aviation 
Medicine Division is most applicable to the aeronautical and bio- 
astronautical program and budget estimates for their specific Pees 
are $45,000 for fiscal year 1960 and $77,000 for fiscal year 1961. How- 
ever, these Aviation Medicine Division budget estimates do not include 
costs additionally borne by the ONR and the Bureau of Weapons 
for the maintenance and operation of the project RAM plane and the 
travel expenses of personnel engaged in project RAM research activi- 
ties. RAM stands for “Research, Aviation Medicine” and pertains 
particularly to an airplane that is instrumental to permit telemetering 
of peeeee data to ground stations from experimental] subjects 
in flight. 


Costs of present and anticipated grants and contracts to nongovern- 
mental groups or educational institutions, by major categories 
None. 


Capital investment in overall plant and equipment, both at present and 
anticipated for future 


Plant $3, 365, 802. 7% 
Equipment 1, 646, 300. 00 


1 5,012, 102. 79 


21An increase of $89,999.57. 


The percentage of above investments applicable to aeronautical and 
space activity is approximately 9 percent. 

Description and costs of present and anticipated future services or 
project awards to NASA for performance, or performed at inhouse 
facilities for NASA.—At the present time this Institute is not fur- 
nishing any services to NASA in response to a specific request for 
services or project award. However, all research reports relating to: 
the field of aeronautics and space activities are available to NASA. 

Numbers and types of personnel on loan to other Government agen- 
cies or on loan from other governmental agencies.—N one. 


Numbers and types of personnel on Joan to other Government agen- 
cies or on loan from other governmental agencies: None. 
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Major physical resources 


Square feet of floorspace 

Square feet above designated as research laboratory space 

Square feet utilized in research effort applicable to aeronautical and 
space activities 


Special items of research equipment 

1. Human gradient calorimeter (bioenergetics division). 

2. Diving unit, pressure chamber, recompression chamber with con- 
trolled atmosphere and controlled atmosphere compartment (sub- 
diving branch of physiology division). 

3. High altitude refrigerated chamber (aviation medical division). 

4. Telemetering equipment (aviation medicine division). 

5. Cobalt irradiator (radiation technology division). 

6. Vibration apparatus (biophysics division). 


Staff breakdown 


Administrative and technical 
support personnel 


En- {Civilian} Total | Officer} En- /|Civilian| Total 
listed 


Bachelor’s degree in— 
Chemistry 
Biology 
Bacteriology 
Parasitology 
Physics. 
Engineering (electrical) - 
Library science 
Agriculture... 
Mathematics 


ogy 
Entomology 
Bacteriology 
Philosophy 
Doctors of medicine: 
Specialties: 
Pe 
“ and 
Pathology 


thology 
Radiation 
Virol 


rgery 

Biochemistry 

Biophysics 

Tissue immunology. 
Submarine medicine 
General practitioner... 
Flight surgeons 
Dentistry 


8 Ben ORR BRD CONTR GP tp Rp np eng orm 


1C.0., NMRI. 
? 2 are assigned on an additional duty basis from other naval activities. 
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6. U.S. Nava Mepican Resgearcn Laporatrory, SUBMARINE Basg, 
New Lonpon, Conn. 


The medical research activities at the U.S. Naval Submarine Base 
were formally organized in February 1944, with the designation of 
a Medical Research Department as a separate department of the 
submarine base. Until that time it had been functioning informally 
as a segment of the Base Medical Department. 

In June 1946, the Secretary of the Navy established a U.S. Naval 
Medical Research Laboratory, under the direction of an officer in 
charge, as a subordinate activity of the submarine base, and under 
the management and technical control of the Bureau of Medicine and 
Surgery. At that time, the mission of the Laboratory, as stated in 
the Basic Naval Establishment Plan, was “To conduct. medical re- 
search and development in submarine, shipboard and diving medi- 
cine.” ‘The mission of the Laboratory was revised by the Secretary 
of the Navy in February 1959, and is now stated as follows: “To 
conduct medical research, development and training of medical per- 
sonnel in submarine, shipboard and diving medicine.” This change 
in the original mission provides for the training functions which this 
activity performs; i.e., (a) the training course for prospective sub- 
marine medical officers; (6) the training course for eae sub- 
marine hospital corpsmen; and (¢) the course for medical officers and 
hospital corpsmen in health physics, required for duty in nuclear- 
powered submarines. 


Participation in Bioastronautics Program of the Bureau of Medicine 


and Surgery (Current and Future) 
1. Radiation 

(a) Nuclear: NMRL is closely associated with the Nuclear Power 
School since the head of that school is a member of the Laboratory 
staff and conducts the cee of hospital corpsmen who are to be 


assigned in the nuclear-powe 
is also an isotope research unit. 

(6) Spectral: Qualified personnel in the Laboratory facility can be 
used for this aspect, studying the effects of excessive sunlight above 
the earth’s atmosphere. NMRL has qualifications in the measure- 
ment of optical media for protective density characteristics. 


2. Environment 


(a) Toxic: Present status. Research on toxic elements in closed 
air spaces occupied by human subjects. Identification and tolerance 
limits of a variety of substances. 

(6) Noise. A many-sided attack on the effects of high intensity 
noise on the human ear and the provision of protective measures. 
Modern sound suite—anechoic ‘aid. reverberant chambers supported 
by many specialized pieces of electrical equipment existent. 

(c) Physical: Human enginereing approach to physical aspects 
of habitability of the vehicle, providing for duty watch and for rest 
and recovery in a many-sided attack to the problem as related to sub- 
marines. Accessibility to new mockups as developed at Electric Boat 
Division of General Dynamics in the planning of ships under con- 
struction, 


submarines. On the Laboratory side 
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(d and e) Physiological and Psychological Aspects of Respiratory 
Problems: A major portion of NMRL’s program has been devoted to 
determining the optimal atmosphere which may be supplied for con- 
fined spaces. Monitoring for submarines, ete. Definitive results have 
been achieved in relation to the carbon dioxide content of the atmos- 
phere. Physiological aspects. 

(f) Visual: NMRL has a major effort to define the visual require- 
ments for operation of controls and the making of observations. ‘These 
requirements concern the amount of light and visual qualifications 
of the operators. 

(g) Temperature. The relation of temperature to habitability and 
to performance is of research interest in its physiological and psycholo- 
gical aspects, but not a major problem. 


8. Selection and training 


Our Selection and Training Branch has many years’ experience in 
the development of criteria for selection of submariners and in defin- 
ing the characteristics of men who can endure prolonged isolation 
while on their military duty. NMRL assumes a considerable parallel 
in the problems presented in the selection of astronauts. 


4. Survival 


Recovery. NMRL has been organized to participate in the planning 
for the recovery phase of the capsule in Project Mercury, specifically, 
the preliminary practice of escape from the capsule after it lands in 
the water. The physiological and medical aspects of underwater 
escape are a specialty field of this Laboratory. 

5. Permormance 


NMRL is interested in learning about the actual performance 
achieved in bioastronautics, but at the present is not specially equipped 
to undertake any considerable work effort in this field. 


6. Metabolic cycles (life support systems) 


The maintenance of personnel in enclosed spaces, whether for sev- 
eral hours or several days, poses many problems (food, water, excreta, 
etc.) in which NMRL takes interest. Project Hideout (1952-53) for 
60-plus days’ duration brought into view many of these problems. 
(This was a simulated, long submergence cruise). A large compres- 
sion-decompression chamber is about to be constructed in the Labora- 
tory. This will offer a primary facility for work on problems within 
this domain. NMRL expects to have a very effective program of this 
character, beginning probably 9 months from now. 

7. Space contamination 

Contamination of closed spaces can result from a large number of 
substances and a variety of circumstances. NMRL is concerned with 
avoiding harmful contaminations in submarine spaces, especially in 
those cases where submarines are continuously submerged for many 
days. The nuclear-powered submarines offer special opportunities 
and challenges in reference to this group of problems. 

8. Zero gravity/subgravity states 

The large anechoic chamber has a facility wherein a tank of water 

can be placed, enabling the study of water supported personnel under 


5423260——_11 
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conditions of absolute quiet and general sensory deprivation. NMRL 
has made some preliminary experiments of this nature with naval 
ensigns, and could continue this line of investigation. 


9. Bioastro-instrumentation and data handling 


The elaborate simulation equipment for the handling of submarines 
and mock-up instrumentation proposed for future vehicles repre- 
sents strong interest. With the reactivation of the Human Engineer- 
ing Branch, this area will receive a major portion of NMRL effort. 


Staff breakdown 


Scientific personnel Administrative and technical 
support personnel 


Officers} En- Civil- | Total 
listed ians 


Bachelor’s degree in— 
Chemistry... 
Psychology - -.--------- 
Biology. 

Other (specify) 
Classics........ - 
English. 
Business_-- - .-- 
Optometry - ----- 
Zoology... ; 

Master’s degree in— 

Chemistry. - 
Biology. 
Psychology 
Other (specify) 

Education _. 

Doctors of medicine: 
General practioner-. 
Flight surgeons 
Other specialties 
Submarine medicine 
Ophthalmologist _- 
Psychiatrist ses 

Other doctoral degrees 

(specify by specialty): 
Doctor of philosophy - - 
Psychology 
Experimental psychol- 

ogy- 
Physiology 
Biochemistry 
Physiological psychol- 
ogy- 
Social sciences 
Doctor dental surgery 
Doctor dental medicine 
i ih Rineman nn 


Total 








Analysis of research work bearing on bioastronautics 


The field for research of NMRL in support of shipboard, submarine, 
and diving medicine has, for administrative convenience, been divided 
into six sectors or branches. These subdivisions are: Personnel as- 
sessment, vision and light, hearing and sound, dental and oral, human 
factors engineering, and physiology and biochemistry. Analyses of 
recent research work and of planned investigations are here presented 
under these six subdivisions, 


1. Personnel assessment 


(a) Psychological evaluation of personnel for submarine duty; 
selection techniques research.—Valid group and individual tests and 
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other methods for screening men for long cruises have been developed. 
Functional characteristics of the autonomic nervous system have 
been found to correlate with emotional: stability and general psy- 
chiatric status. The current program includes contrived stress sit- 
uations and measures of ability to recover autonomic equilibrium. 
Studies of aptitudes and psychiatric variables as possible predictors 
of adjustment in prolonged submarine submergence conditions or space 
travel are being conducted. In the future it is planned to attempt to 
assess intra-individual patterns of reaction to the isolation of long 
submergence or simulated space orbits. If the psychological factors. 
affected by these stressful conditions can be defined, it may be possible 
to develop valid predictors for the qualities of total adjustment re- 
quired for hazardous environmental conditions, 

(b) Motivated and group processes research.—At present this re- 
search is focused on assessing the values, interests and attitudes 
composing the motivational structure found in submariners. A study 
of the interrelationship of aptitude and general psychiatric status 
with motivation is being pursued. It is proposed to study the useful- 
ness of motivational data to predict the ability of men to maintain 
optimal motivation for considerable periods of time in long sub- 
ae or other types of isolation. If found valid, the motivational 
predictors might have applicability to a wider range of stressful con- 
ditions, including space orbits. 

(c) Stress and fatigue research—Data obtained from long sub- 
mergence cruises and artificially contrived stress situations indicate 
that monotony and boredom result in autonomic nervous system dis- 
equilibrium for some individuals. NMRL has collected such data and 
is currently collecting data on personnel in Antarctica and on men 
serving with long-submerged atomic-powered submarines. Accumu- 
lation of such data is a slow process; however, from these results, it is 
hoped to derive some reliable criteria that may help in assessing indi- 
viduals for duty tours in lonely environments. 

2. Vision and light 

Generally speaking, man’s life and activities at the surface of the 
Earth depend on his being able to see. The human organism is un- 
comfortable and feels at a disadvantage if unable to see at least its 
immediate environment. So great a dependence is placed on sight 
ranges of adaptability within the bounds of relative comfort. Vision 
can be used almost continuously for long periods, or, under certain 
circumstances, can be done without. Even so, sight and visibility are 
very worthwhile research fields which provide data enabling this 
information receptor to be used and conserved to the best advan- 
tage of a crew’s mission and maintenance. The role that vision can 
play in extended environments, such as long submergence or in space 
orbits, is a continuing field of research at NMRL. Sight in these 
circumstances may have a restricted usefulness which becomes increas- 
ingly critical. 

(a) Psychophysical studies of visual factors in submarine opera- 
tion.—Various studies have been accomplished in the field of photopic 
vision which provide basic information on the effective use of vision in 
confined spaces. These studies concern patterns and forms under white 
and colored lights and include both central and peripheral vision. 
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Studies have been made on sensitivity and acuity under low levels 
of illumination and represent determinations of the minimal acuity 
needed for various tasks. Visual characteristics of the interiors of 
submarines have been surveyed, and this program is continuing. 
Conferences with industrial representatives are conducted on the 
visual tasks and provisions for lighting of space capsules. Standards 
for white and red illumination have been worked out for the sub- 
merged submarine to provide adequate acuity for crew performance 
in the control center and, at the same time, permit maintenance of 
dark adaptation required for efficient use of the periscope. 

As equipment and military mission tasks develop and change, the 
visual requirements for specific situations must be reanalyzed, revised 
and adjusted. The present trend toward automation requires that the 
visual tasks of monitoring be evaluated not only in terms of past 
standards, but also with regard to the new military decision require- 
ments and expectations. i terms of instrumentation and other 
aspects, NMRL’s section on vision and light has the capability of as- 
sisting the program of man in space. Some details of a specifically 
planned military operation or mission are necessary before the visual 
requirements and hazards can be assessed and profitably investigated. 


3. Hearing and sound 


Hearing as an information receptor for signals in man’s environ- 
ment is a continuously operating system (ears have no physiological 
equivalent for the eyelids). Even during sleep, the auditory mecha- 
nism constitutes a relatively open channel to the brain through which 
attention may be aroused. As a rule, man’s environment provides 
some objective auditory experience. It is rare that a human being 
finds himself in an anechoic space and such an experience is challeng- 
ing in its strangeness. A man may guard his ears from excessive 
sound or noise and, in various ways, may assist them in the detection 
of faint stimuli. As in the case of sight, so also for hearing does the 
human organism evolve behavior suitable for a large variety of inten- 
sities and qualities of auditory experience within what is called a 
comfort zone. As social beings, men’s personalities usually suffer 
more from deafness than from blindness. However, as a rule, men 
can forgo sensory input from hearing at a work task better than from 
sight. Fortunately, auditory input by electronic means has become 
a scientific commonplace, but military requirements may restrict the 
full use of modern facilities. Sonar has become the critical sensory 
input for submerged submarines. Radio-type communication seems 
available for men who may be moving in space orbits. Therefore, 
auditory research must remain an active field of investigation in sup- 
port of man’s missions in these extended environments. 

(a) Psychophysical studies of auditory factors in submarine opera- 
tion.—Studies under this subtask have dealt with basic auditory abili- 
ties in pitch and loudness discrimination, signal detection, speech com- 
munication and intelligibility. These studies have been expanded to 
include the time domain and the performance of continuous monitor- 
ing tasks, including the detection of signals in noise during protracted 
listening periods. Studies have been made on the effect of duration on 
tone detection and loudness discrimination, and this work is being ex- 
tended to include identification signals of greater complexity. 
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(b) Physiology and biochemistry of hearing.—Substitution of pure 
oxygen or pure nitrogen for the air in the middle ear has been found 
capable of markedly altering the cochlear response. Present work 
is concerned ‘with further investigations of the effects of changing 
the gases within the middle ear and in the circulating blood. In the 
best preparations, a mixture of 20 percent oxygen and 80 percent 
helium was found to alter the size of the cochlear response to a con- 
stant tone. Researches of this character seem perenne to the prob- 
lems of a small capsule within which gases differing from ordinary 
air may be used for human respiration. Research has been started 
on studies of fatigue of the cochlear response and peripheral por- 
tions of the auditory nerve following intense stimulation. 


4. Dental and oral 


Of man’s facial features, his mouth is the most expressive of his 
feelings and emotions, <A sense of comfort in this region is a primary 
condition for his having a sense of normality. Since respiration, 
ingestion of food and liquids, vocalization, and the use of tobacco 
and other substances all involve this area, the condition of its several 
tissues is of personal importance. It is understandable that the 
mouth may serve as an index of a person’s state of health. Oral 
health is a matter of concern to naval personnel and merits a pro- 
grea for control and improvement based upon active research. The 

ental branch at NMRL is conducting studies on the oral health of men 
living in unnatural environments. The oral tissues are studied in 
relation to general health and as early diagnostic indicators for 
hygiene problems. The effect of the stresses of submarine service 
are being examined in these terms. The oral health of personnel in 
Antarctica is also under an extensive program of investigation. 
This latter project called Deep Freeze has been in program for about 
4 years. During each season of the Antarctic Expeditions, upward 
of 100 men have been the subject population studied. This program 
has included dental clinical examinations, histories, bacteriological 
tests, and electrolyte determinations of the saliva, etc., of wintering- 
over personnel. Incidental to collecting these data on the oral tis- 
sues, much information on psychological aspects of living in the 
isolation of Antarctica has been ts communicated by om sub- 
ject populations. 

Current studies now in progress in that cold and far-from-home 
environment include: Determination of vitamin C tissue levels, abso- 
lute eosinophil counts observation of tongue patterns under ultra- 
violet illumination, hematological studies, and the development and 
testing of a cold-weather protective face mask. Some of these in- 
vestigations on the effects of cold may be quite applicable to prob- 


lems of man in space and most certainly the space man will want 
mouth comfort. 


5. Human factors engineering 
Tools, machines, missiles, and vehicles are only extensions of man’s 
capabilities and represent his intentions. To consummate these ob- 
ectives he must comprehend and control these instruments. Human 
actors Engineering embodies the idea that man is an essential ele- 
ment in any electro-mechanical, physical, or chemical system subject 
purpose. The man-machine loop is a common term and an es- 
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sential one in our modern thinking. The successful integration of 
man with machines seems best achieved by adapting the machine to 
the man rather than forcing in the opposite direction. 

(a) Submarine photometric surveys.—Assistance and consultations 
on lighting problems have been given for several submarines dur- 
ing the construction of these ships. A series of specifications have 
been formulated recommending color treatments, materials and vari- 
ous unit installations aimed at improving habitability through the se- 
lection of more safe, durable and pleasant functional arrangements of 
space and materials. This is a continuing program. 

(6) Dial, panel, and work-area design and illumination —Studies 
have been conducted to develop new types of digits and other features 
of dial designs to eliminate perceptual errors. ‘I'he problem of optimal 
configuration for visual warning signals has been investigated. The 
optimal shape and arrangement of submarine instrument panels and 
other work areas requires a continuing program of research to keep } 
abreast of other current features of submarine development. 

6. Physiology and biochemistry 

A space vehicle designed to carry a man or men into an extended 
environment, whether under water or beyond our habitable atmos- 
phere, must, as a first and primary necessity, provide for the continu- 
ance of respiration. The passenger will need a supply of oxygen for 
which there is no known substitute. He must also be able to maintain 
his internal body temperature by suitable clothing and an immediate 
environment that is not too hot or too cold. Periodically he will re- 
quire food and water. These bare essentials for remaining alive and 
in a condition able to give attention to instruments, signals, and com- 
munications constitute the physiologic framework basic to the whole 
heen ys of outer space travel. If first things should be placed first, 

ere is where to begin—at the anatomical-physiological level. Al- 
ready a large amount of fundmental research has been accomplished 
in reference to these elementary problems. 

(a) Physiological factors affecting submarine habitability—At 
NMRL a very considerable amount of research accomplished with | 
animals and men has been concerned with the atmosphere components 
of the submarine environment. This program led to the establishment 
of the tolerance limits for CO., carbon dioxide, which provided the | 
basis for CO, removal units in the nuclear-powered submarines. The 
CO, tolerance levels in enclosed systems, such as submarines and space 
capsules, are fairly well worked out. What the human organism will 
have to pay or endure for confinement under various levels of CO, and 
durations of lowered O,, oxygen, is becoming clarified in quantitative 
terms. The final processing of the data accumulated in previous work 
and the preparation of these reports are well advanced at NMRL. 

Current plans provide for physiological and biochemical studies of 
free radical formation, ions, and condensation droplets as possible 
factors of importance to habitability in environmental enclosures. 
Diurnal cycles, to which most humans are exposed, influence physic 
logical functions and psychological manifestations to a degree ofte 
overlooked. The sitmuli for these cycles may be largely absent im 
artificial environmental situations, e.g. space ship, and the possible 
influence of this departure from normal seems a proper matter for 
study. 
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The program in physiology for new studies includes several sub- 
tasks. One such is a study of the effects of reduced sensory stimula- 
tion and its alleviation. An individual enclosed in a space vehicle 
will suffer reduction in the normal] variety and combinations of sensory 
stimuli and, at the same time, will be subjected to monotonous con- 
ditions; for example, long submergence in a submarine under which 
his neurophysiological functions and efficiency of performance may 
be modified. It is proposed to study also the effects of reduced en- 
ergy expenditure on physiological functions and performance, The 
physical restraints and associated reduction of energy output, due to 
confinement with limited opportunity for the usual forms of physical 
exercise, may influence such Fanoticne as circulation, metabolism, elim- 
ination and may impair the capacity for physical and mental work. 
A large compression-decompression chamber suitable for use with 
human subjects will prospectively be available for these studies, 

(b) Physiology of diving and submarine escape.—There are physio- 
logic changes to be expected whenever man is exposed to high partial 
pressures of the various gas combinations utilized in deep-sea diving. 
An important part of this program is concerned with peabictan of acute 
toxicity due to carbon dioxide and high partial pressures of nitrogen 
and oxygen. The etiology, prevention, and treatment of diving acci- 
dents, such as arterial gas embolism and decompression sickness, are 
important parts of this program and should provide information 
that may have wide applicability. At present, using the escape 
training tank, a well-instrumented recompression chamber, and work- 
ing with both animals and human beings, the work provides an ex- 
tension of studies in problems of gas embolism, prolonged exposure to 


high atmosphere — and the overall effects of utilizing artificial 


atmospheres of elevated ambient pressures. Currently it is planned 
to extend these problems to include studies covering possible physio- 
logic effects of long-term exposure to unusual partial pressures of 
various respiratory gas mixtures, artificially constituted. Likewise, 
man’s tolerance to low partial pressures of O, has been fairly well de- 
fined; but the physiologic problems and limits of chronic exposure 
to hyperoxic atmospheres are largely undetermined. Studies of pro- 
longed exposures to atmospheres containing partial pressures of O, 
in excess of 160 mm of mercury are within the capabilities of this 
laboratory, and are planned. This information would be directly 
applicable to the Navy bioastronautics program. The payloads for 
outer space capsules should be burdened as little as possible by inert 
gases man cannot use. If an enriched atmosphere, e.g., 40 percent O2, 
can be tolerated for a few hours, this may prove a factor of consider- 
able advantage. 

Authority for present and anticipated future programs.—All proj- 
ects and programs undertaken by this Laboratory are submitted to 
and approved by the Bureau of Medicine and Surgery and are based 
on the military requirements as promulgated by the Chief of Naval 
Operations (Operational Requirements). 

Suitability of present and planned facilities for the current and 
assumed future missions of the Laboratory-—With the imminent in- 
stallation of the climatized pressure altitude chamber, and the com- 
pletion of alterations to the Human Factors Engineering Labora- 
tories (in progress), it is considered that adequate facilities will 
exist for this Laboratory’s mission for the foreseeable future. 
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Roles which the Laboratory could perform in meeting the life 
sciences research requirements of the Navy if it is not assigned a 
mission in support of astronautics—The current research program 
of this Laboratory is devoted principally to the area of psycho- 
physiological aspects of submarine and diving operations. The pro- 
ee is relative to and could be expanded to an increased range of 
iving and working in restricted or confined environments. 


FISCAL DATA 


Budget estimates for present (fiscal year 1960) and future (fiscal 
year 1961) programs in support of aeronautical and space activities. 
See the fiscal table at the beginning of the Department of the Navy 
section. 

Costs of present and anticipated grants and contracts to nongovern- 
seme’ groups or educational institutions, by major categories.— 

one. 

Capital investment in overall plant and equipment, at present and 
anticipated for future—(1) Present plant account, $498,546; (2) an- 
ticipated fiscal year 1961 plant account, $520,000; (3) percentage 
relevant to aerospace, 25 percent. 

Description and costs of present and future services or project 
awards to NASA for performance, or performed at in-house facilities 
for NASA.—For the fiscal year 1960, this activity has proposed trials 
in connection with the Mercury escape capsule, at an estimated cost of 
$1,400. Future estimates will depend on tasks assigned to this Lab- 
oratory. 

WuesBory and types of personnel on loan from other Government 
agencies or on loan to other Government agencies; describe programs 
involved and reasons for loans.—None. 


Major physical resources 
Square feet of floorspace: 


Special laboratory facilities 

1. Sound suite: Two anechoic rooms, one large and one small for 
calibrating instruments and conducting sound experiments; one rever- 
berant room with electronic equipment to produce high intensity noise 
fields; soundproofed rooms for experiments in psychoacoustics and 
auditory physiology. 

2. Facilities for group audiometry measurements (55-man_ test 
capacity). 

3. Vision laboratory: Equipped for the study of daylight color sen- 
sitivity, night vision acuity, optometry, and colorimetry. 

4. Small-group observation laboratory with specialized recording 
equipment for studies in leadership and group dynamics. 

5. Radioisotope suite: For studies in biochemistry and physiology, 
using tracer techniques. 

& Reepitntory laboratory: Equipped with modern instruments for 


the investigation of various pulmonary functions. 
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7. Atmosphere laboratory: A capability for physiologic studies of 
the effects of confinement in artificial atmospheres. 


Special apparatus for research 

1. Standard Navy recompression chamber located near the sub- 
marine escape training tank and modified for special physiologic 
studies. 

2. Temperature and humidity chamber. 

3. Climatized pressure altitude chamber with facilities for pro- 
graming the essential environmental cycles (in process of construc- 
tion). 

t Bquipment for production and study of the effects of high inten- 
sity sound. 

5. Coblenze galvanometer for measuring radiant energy. 

6. Xenon ares for supplying high intensity radiant energy through- 
out the light spectrum. ; 

7. Equipment available for field studies: (a2) Submarine escape 
training tank (also used for underwater studies); (0) conventional 
and nuclear-powered submarines; (c) submarine rescue vessels. 


NMRL responsibility and cooperation in Project Mercury 

Underwater escape from the Mercury capsule in a simulated water- 
landing is to be investigated by NMRL personnel in the near future 
at the request of the Chief of Naval Operations. NMRL has the in- 
house capability to examine and assess the planned routine for such 
an escape from under water and stand ready to give such assistance 
when officially requested. The results of such field tests will apply, 
it is believed, to other space reentry situations. 


Life sciences research in support of aerospace activities 

In summary, the large body of data accumulated in NMRL re- 
searches relative to living and working in confined environments, as 
represented by submarines, is immediately available for critical review 
and evaluation with reference to naval problems and planning in 
bioastronautics. Habitability research, investigations of respiratory 
requirements, visual and auditory factors, and personnel assessment, 
are some of the areas for which NMRL is best suited. 


7. U.S. Nava Scuoor or Aviation Mepicrne, U.S. Navau Aviation 
MepicaL Center, Pensacona, Fua. 


With the declaration of a national emergency by the President of 
the United States in 1939 the U.S. Naval School of Aviation Medi- 
cine was organized and began formal instruction of naval flight 
surgeons on November 20. As is essential in any training situation, a 
coordinated program of research in aviation medicine was initiated 
at the same time. Generally stated, the objectives are to train naval 
flight SECs, aviation medical examiners, and aviation medical 


technicians, and to conduct a broad and effective program of research 
in aviation and space medicine. 

The official statement of the mission is as follows: 
_ The School of Aviation Medicine conducts training and research 
in aviation medicine, 

(1) Training.—The training program consists of training medical 
officers in aviation medicine, qualifying them for the designation of 
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Naval Flight Surgeon or Naval Aviation Medical Examiner ; training 
enlisted personnel as technical assistants for flight surgeons, qualify- 
ing them for the designation of Aviation Medical Technician; pro- 
viding postgraduate instruction in aviation medicine with particular 
emphas s on refresher courses for reserve flight surgeons; providing 
special courses in aviation physiology for medical service corps officers 
for designation as Aviation Applied Physiologists; assisting in the 
training of student naval aviators by conducting instruction in, and 
supervision of, the physiological and aeromedical aspects of high 
altitude and night flying, and of survival and related equipment. In 
addition, the school conducts a residency training program for the 
preparation of applicants for eligibility for certification im aviation 
medicine by the American Board of Preventive Medicine. 

(2) Research—The School of Aviation Medicine conducts basic 
and applied research in aviation medicine and allied fields. The re- 
search laboratories are staffed with scientific personnel and are 
equipped for conducting research studies in the following program 
areas: Stress due to acceleration and decleration; stress due to high 
altitude; stress due to high intensity noise; standards for aviation 
personnel; aviation safety; escape and rescue; training and reeduca- 
tion of aviation personnel ; psychophysiology including sensations and 
illusions; and human engineering. 

The only change from the original mission has been in degree and 
complexity of the program required to maintain it. This has been 
necessitated by such factors as the development of high-performance, 
high-altitude aircraft and the subsequent increase of physiological 
and psychological stresses upon the pilot and support personnel ; the 
development of exotic fuels and increased hazards in their handling; 
the development of new types of aircraft carriers and more complex 
problems of launch and recovery of the high-performance aircraft ; the 
hazards of high intensity noise from jet engines, and the increased 
problems of voice communications and operations in this noisy environ- 
ment. 

The major programatic areas are as follows: 

(1) The training of medical doctors in the specialty of aviation 
medicine and their indoctrination in flight training to provide them 
with an understanding of the many physical and mental problems of 
the naval aviator and other flying personnel. 

(2) The training of selected enlisted personnel as aviation medical 
technicians as a technical support group for the flight surgeons. 

(3) The provision of postgraduate training in aviation medicine 
and in research in aviation medicine. 

(4) The assistance in the training of aviators by instruction in and 
supervision of the physiological and medical aspects of high altitude 
and night flying, survival, and related special equipment, such as the 
antigravity suits which protect against high accelerative forces, etc. 

(5) The conduct of basic and applied research on the problem of 
spatial disorientation by means of special rotation devices which per- 
mit the measurement of thresholds of stimulation of the semicircular 
canals and the otolith organ, and the determination of the human 
tolerance to simultaneous rotation in more than one plane, as well as 
to extended rotations for periods of hours and days. 

(6) The conduct of basic and applied research on problems of 
respiration at various altitudes, under various environmental condi- 
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tions, the improvement of breathing apparatus for both emergency 
and sealed cabin situations, the detection and control of contaminants 
or noxious gases, temperature and humidity control. 

(7) The conduct of basic and applied research on physical and psy- 
chological selection of candidates for aviation training, including 

hysical standards, the prediction of possible future physical disabil- 
ities from atherosclerosis, disorders of the nervous system, or disor- 
ders of the sensory apparatus; psychological standards and the pre- 
diction of success in various stages of training and in operations with 
the fleet as well as in combat; the psychological methods of improving 
recruitment and retention in the service, motivation, morale and lead- 
ership, as well as improved methods and techniques of training at 
all levels from indoctrination to training in the fleet. 

(8) The conduct of basic and applied research on the biological 
effects of high intensity noise, voice communications and acoustics on 
both pilot and support personnel, including problems of communica- 
tions during operations and combat. 

(9) The preparation for and conduct of research on animals pro- 
jected into ballistic and orbital space flight, including basic studies 
of the underlying physiological problems as well as the development 
of protective capsules and equipment to preserve the normal functions 
of the animals during such flights. 

(10) Studies of the biological effects of cosmic and solar radiation 
by compilation of radiation data, and by evaluation of emulsion packs 
shot into outer space and recovered, as well as by evaluation of data 
telemetered back to Earth from extended missile flights through the 
belts of radiation surrounding the Earth. 

(11) The development of bioinstrumentation for the protection of 
man and animal in missile and orbital shots, and for the measurement 
and telemetering of physiological data back to Earth both for the 
purpose of monitoring vital functions and for subsequent analysis of 
the biological effects of such flights. 

(12) The longitudinal studies of aviators to determine the biological 
effects of life under environmental extremes experienced over a period 
of 10 years or more. 

Planned future major programs are essentially the same as above 
except that the emphasis has been shifted toward problems of higher 
altitude, higher speeds of flight, and space flight, during which terres- 
trially equivalent environment must be provided for the astronauts. 

The authority for the present and anticipated future programs 
depends upon the military requirements as promulgated by the Chief 
of Naval Operations. 

The present buildings, facilities, and equipment available for the 

present and planned programs are substandard and require moderniza- 
tion. A School of Aviation Medicine Building (approximately 
$5,500,000) has had planning completed, but is presently listed only 
in the long-range planning program. 
__If this establishment is not assigned a mission in astronautics, and 
if it can be assumed that manned aircraft will continue to be con- 
structed and flown, the requirements for research, development, and 
training will be met as in the past. The organization, though small, 
1s well rounded in scientific capabilities, and can perform effective basic 
and applied research in any area of the life sciences. 
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FISCAL DATA 


The budget estimates for present (fiscal year 1960) and future 
(fiseal year 1961) programs in support of aeronautical and space 
activities are molded in the fiscal table at the beginning of the De- 
partment of the Navy section. 

Special budget submitied to Bureau of Medicine for submission 
to NASA--Fiseal year 1960, $413,500; fiscal year 1961, $113,000. 

Grants and contracts.—N one. 

Estimated replacement cost.—$5,408,000. 


Descriptions and costs of present and anticipated future services for 

Present programs: 

(a) Studies of cosmic radiation by evaluation and track count of 
emulsion packs flown in Mercury capsules in September and Decem- 
ber 1959, together with the compilation of radiation data and evalua- 
tion in terms of exposure on various ballistic and orbital trajectories. 
Cost : $2,000. 

(6) Planning for and direction of the medical aspects of the post- 
flight phases of manned space flight. Cost: $5,200. 

uture programs: 

(a) Continuation of studies of cosmic radiation by monitoring of 
all Mercury flights, the compilation of all radiation data, together 
with the development of a composite emulsion pack for combined 
monitoring with track count and densitometric method for use in cases 
of unexpected overexposure due to a solar flare or to trajectories 
through the Van Allen Belt. Cost: $8,000. 


(5) Continuation of the direction of medical care and supervision 
of astronauts and animals during btppestiaae for and recovery from 
all biopacks on a worldwide basis. 


’ 
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Staff breakdown 


Scientific personnel Administrative and technical 
rsonnel Tela 


Bachelor’s degree in— 


Psychology 
Physiology 
Socio. 


Library science 
French 


c. 
Business administration 
M 


Doctors of medicine: 
General practitioner. -._......- 
Flight surgeons ......-..-....- 


Other 


toral degrees: 


Physiology 


Neurophysiology 
Audiology 
Optometry 


17 of these individuals hold boards in one or more of the following: Aviation medicine, neuropsychiatry, 
ophthalmology, pathology, otolaryngology. 


Major physical resources 
Laboratory space: 72,000 square feet. 
Special laboratory facilities: 


1) Low-pressure chamber (for training). 
ta} Basic biochemical laboratory. 

(3) Basic physiological laboratory. 

(4) Animal ee irradiation laboratory (15-milli- 
ampere 220-kilovolt X-ray unit). 

(5) Aviation psychology laboratory, including IBM unit and 
statistical facilities. 

(6) Spectroscopic laboratory (equipped for infrared and in- 
visible light). 

(7) Electronmicroscopy laboratory. 

(8) Nuclear emulsion laboratory (especially equipped for proc- 
essing and track evaluation of extremely thick emulsions). 

_ (9) Low-level alpha radiation laboratory (equipped with 
cially designed low-level alpha counter and pulse ionization 
chambers). 

10) Medical electronics laboratory. 

11) Electrocardiography laboratory. 
12) Vectorcardiography laboratory. 
13) Ballistocardiography laboratory. 
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(14) Bioacoustics laboratory (specially equipped for studies 
in volce communications, hi intensity noise, audiology, and 
psychoacoustics). 

(15) Electrophysiological laboratory (specially equipped for 
electroencephalography, EEG, airborne EEG, electromyography, 
EMG, and experimental neurophysiology, neurohistology, and 
animal surgery). 


Special research equipment costing over $25,000 and/or having unique 
characteristics 


(1) Slow rotation room mounted on human centrifuge for 
studies of prolonged rotation (hours and days), and human and 
animal tolerance, behavior, and performance under such environ- 
mental stress. Related to ‘proposed rotation of space capsules to 
counteract zero gravity. 

(2) Human disorientation device for studies of thresholds of 
stimulation for the vestibular apparatus and for human tolerance 
to accelerations in more than one plane. Related to spins, tum- 
bling, and disorientation as may occur during launch, abort, 
reentry, etc. 

(3) Low pressure chamber with sealed environment capsule. 

(4) Low pressure chamber with explosive decompression para- 
site chamber. 


8. Aviation Mepican AccELERATION Laporatory, U.S. Navan Air 
DEVELOPMENT CENTER, JOHNSVILLE, Pa. 


The Aviation Medical Acceleration Laboratory was established in 
June 1952. Its mission is to “perform research and development in 
aviation medicine.” Its tasks are to “conduct research in the general 
field of aviation and space medicine, aviation physiology, biophysical 
effects of acceleration forces, and aviation human engineering; de- 
velop, improve, test, and evaluate aviation personnel equipment and 
related aircraft components.” 





SPACE RESEARCH IN THE LIFE SCIENCES 


Current major programs 


Range of work 


Biological sciences: 
Stress physiology (acceleration 
stress and disorientation): 
Research, development, test, 
and evaluation. 


Protection and survival of person- 
nel: 

Protection against effects of 
prolonged and high accelera- 
tion stress: 

Research 


Inflight bioinstrumentation: 
Research, development, 
test, and evaluation. 


Monitoring evaluation 


Closed-space environments (stud- 
ies of weightlessness (bioprobe)): 
Research 


Psychological sciences, engineering 
sychology (effects of acceleration 
foads on human performance): 
Research, development, test, and 

evaluation. 


Research 


Aireraft and aircraft support, personnel 
protection: 

Dynamie flight simulation of air- 
craft and spacecraft, Mercury 
program: 

Research, development, test, 
and evaluation. 


= testing: 
est and evaluation. 


Development, test, and evalu- 
ation. 
Test and evaluation. 


Development, test, and evalua- 
tion. 

Test and evaluation. 

Research, development, test, 
and evaluation. 


Foundational research: 
R ch 


Range of outputs 


Investigate through closed loop dynamic flight simulation effects 
of low level flight accelerations on pilots, instruments, controls, 
and a gear as related to mission profile of A2F attack 
aircraft. 


Explore entirely new and novel methods of protecting animals 
and human beings from effects of high acceleration stress. 


Investigate physiological factors to be evaluated in flight; develop- 
sensors and recording apparatus; test and evaluate such equip- 
ment for the Navy. 

Provide health physics procedures and monitoring for the Naval 
Air Development Center. 


Explore effects of prolonged exposure to weightless state in space, 
including physiological and performance factors. 


Determination of pilot performance in simulated aircraft flight 
under acceleration. Test and evaluate instruments, controls, 
and restraint gear as related to aircraft mission. 

Determination of effect of vibrations and accelerations on crew 
performance. 

Make theoretical and experimental studies of effects of weightless- 
ness on man, 


Determination of astronaut performance in simulated spacecraft 
flight under conditions of boost and reentry. Test and evaluate 
ae controls and restraint gear as related to spacecraft 
mission. 


Evaluate antiblackout valves designed to operate on 70 p.s.i. of 
oxygen inlet pressure, 

Determine thermal protection qualities of aviator’s clothing. 
Explore ways to improve same. 

Test anti-gravity garments and agree upon common design, ma- 
terials, color, etc. 

Develop improved antiblackout equipment and test and evaluate 
such equipment for the Navy. 

Test and evaluate British design anti-gravity suit. 

Provide adequate protection against damage to the eyes of aircrew 
during operations. Test and evaluate devices from other 
sources for the Navy. 


Study of biochemical factors in stress situations. 


Future major gfe dena is considered that the Naval Air De- 
2 


velopment Center, t. 


rough its Aviation Medical Acceleration Labo- 


ratory, has responsibility for any future program of study concerned 


with the effects of acceleration on human 


beings in space flight. A 


continuation of the current program is envisioned with the following 


additions: 


(1) Study of impact accelerations. 

(2) Study of vibration and whole-body oscillations. 

(3) The overall direction of the program would be toward in- 
creased support of the man-in-space effort, but with the continua- 
tion of the aviation medicine program as it exists in develop- 


ment and testing effort. 
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Authority for present and anticipated futwre programs.—Military 
requirements are promulgated by the Chief of Naval Operations and 
delegated by the Bureau of Naval Weapons and the Bureau of Medi- 
cine and Surgery to the Naval Air Development Center. 


Suitability of present and planned facilities for the current and as- 
sumed future missions of your organization 

The current facilities are uniquely suitable for presently assigned 
bioastronautical work. Planned improvements in facilities planned for 
orderly shore station development include a current centrifuge mod- 
ernization program, a new human oscillation device, a new human 
centrifuge, and a human impact device with collateral laboratory 
equipments and space. These facilities will increase the capability 
and suitability of the Aviation Medical Acceleration Laboratory and 
the Naval Air Development Center for future assumed missions of 
studies, on a national scale, of acceleration in space. 


Other roles the AMAL could perform if not assigned a mission in sup- 
port of astronautics 

The Naval Air Development Center, with its unique combination 
of laboratories including the Aviation Medical Acceleration Labora- 
tory, provides the most advanced facility in the United States for 
simulating the acceleration loads of aircraft and spacecraft. Consider- 
able effort of the center is now in support of the national man in space 
program (NASA) utilizing the capabilities of the eight laboratories 
ofthecenter. It is anticipated that the development of facilities at the 
Naval Air Development Center will keep abreast of the demands of 
the Navy for support in bioastronautics, particularly in all fields 
related to acceleration. 

FISCAL DATA 


Budget estimates for present and future programs as well as costs 
of grants and contracts are treated in the fiscal table at the beginning 
of the Department of the Navy section. 

Capital investment in overall plant and equipment.—Estimated re- 
placement cost, $11,491,000. 

Numbers and types of personnel on loan to other Government agen- 
cies or on loan from other Government agencies; describe programs 
involved and reasons for loans.—Until March 1, 1960, an Air Force 
veterinary officer was assigned to the Aviation Medical Acceleration 
Laboratory. A replacement for this officer has been requested and 
is urgently needed for his capabilities as an animal pathologist, as 
a project officer in experiments involving animal primates, to super- 
vise the animal colony, and to advise other research personnel on 
the most efficient choice and utilization of experimental animals. 
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Major physical resources 


Laboratory space: 
Staff breakdown 


Scientific personnel Administrative and technical 
support personnel 


Civil- |Total 
ians 


Bachelor’s degree in— 
Chemistry 
Philosophy 
Biology. 
Psychology 
Mechanical engineering. 
Electronics engineer 


General science 
Master’s degree 
Chemistry 


ROO Me RRR Dee 


logy 
Doctors of Medicine (with special- 
ties below): 

General practitioner 

Flight surgeons 

a medicine 


Psychology 
Physiology 
Physics 
Biochemistry 


1 
3 
1 
1 
1 
2 
4 
1 
1 
1 


Special laboratory facilities and items of research equipment 


1. Special laboratory facilities : 

8 Physiology laboratory. 

b) Neurophysiology laboratory. 

(c) Animal training laboratory. 

(d@) Human engineering-operator laboratory. 

(e) Psychology laboratory. 

(f) Biochemistry laboratory. 

(7) Biophysics laboratory. 

2. Additional special laboratory facilities conveniently available 
at the Naval Air Development Center, Johnsville, Pa., are: 

(a) Aeronautical computer laboratory. 

(6) Aeronautical instruments laboratory. 

(c) Aeronautical photographic experimental laboratory. 

3. Special items of research and development test equipment : 

(a) High-altitude chamber. 

(6) Human centrifuge. (This is the most advanced human 
centrifuge known to be in existence today. Its performance 
oe permit simulation of many of the accelerations that 
will be important in space flight.) 

(c) Cinefluorographic apparatus. 

(d) Cineradiographic apparatus. 


54232—60——_12 
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9. Ar Crew Equipment Laporatory, U.S. Navan Arr Marerren 
CENTER, PHILADELPHIA, Pa, 


The ACEL originated as the Aero Medical Department in 1943 
as a result of a recommendation by the Bureau of Medicine and 
Surgery (BUMED). The mission of the ACEL is as follows: 

The Air Crew Equipment Laboratory under the administrative 
and technical control of the Bureau of Naval Weapons and, in matters 
of aviation medical research, under the technical direction of the 
Bureau of Medicine and Surgery functions in the following manner 
to: 

(1) Conduct applied engineering research, design, development, test, 
and operational evaluation of naval aircrewmen and space crewmen 
personal and safety equipment previously established as a require- 
ment by the Chief, Bureau of Naval Weapons. The engineering 
developments shall be in concert with known or experimentally de- 
fined biological, psychological, and human engineering concepts to 
insure total bioengineering integrity of the equipments. The labora- 
tory shall also recommend rules and policies concerning health haz- 
ards incident to the use of these equipments in air operations for 
further promulgation by the Bureau of Naval Weapons; 

(2) Conduct basic and applied research in the biological, psychologi- 
cal, and human engineering aspects of aviation medicine as it pertains 
to the personal and safety equipment of naval aircrewmen and space 
crewmen and to their ability to perform satisfactorily under all of 
the stresses of their environment; and 

(3) Engage in engineering and biological research and development 
in the fields of aircraft nuclear propulsion and space and orbital 
flight in anticipation of future aircrew or space crew equipment 
requirements as projected trends in naval aviation and astronautics 
become apparent. 

The principal change of the present mission over the original 
mission is the inclusion to cover research and development for nu- 
clear propelled aircraft and space and orbital flight. 

Current major programs 

(1) Full pressure and space suits, 

(2) Oxygen breathing systems. 

3) Protective clothing. 

(4) Emergency escape, restraint, and crash safety systems. 
(5) Survival and rescue systems. 
(6) Human factors in cockpit design. 


ts ) Environmental aspects of space flight. 
8) Basic research. 


Future major programs 


The programs above will be continued. However, it is planned to 
increase the emphasis on space and orbital flight with particular 
emphasis on the following areas: 

Y Radiation: (a) Nuclear, (6) ground-support as 


ts. 
2) Environment: (a) Toxic, (b) noise, (c) chupieats (d) phy- 
siological, (e) psychological, (f) visual, (g) temperature. 
(3) Acceleration: (a) Linear, (0) vibration, (¢) impact. 
(4) Training of astronauts: (a) Flight simulation. 
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(5) Monitoring of spacecraft. 

(6) Survival: (a) Aloft, (6) ejection (escape), (c) recovery. 

(7) Performance (as a whole). 

(8) Biosupport (pre- and post-flight). 

(9) Life support systems: (a2) Oxygen recovery and regeneration 
systems, (6) reclaiming waste products. 

(10) Fundamental biology. 

(11) Bioinstrumentation and data handling. 

(12) Operations research. 

Authority for present and anticipated future programs.—Military 
requirements as promulgated by Chief of Naval Operations. 

Suitability of present and planned facilities for current and as- 
sumed future mission of the ACEL—The basic facilities presently 
available and planned for are considered to be adequate to support the 
research and development for conventional, manned types of aircraft 
and an extensive space and orbital flight a An expanded or 
accelerated program for a space effort will necessitate some modifica- 
tions to extend the range and increase the dynamic control of the 
bioastronautics test facility, the altitude/thermal/explosive decom- 
pression facility, and the new high-altitude or space chamber. 

If the space program is to be ee and more laboratory space 
is saaitee it can be made available by modifications and rehabilita- 
tion of existing buildings at the Naval Air Materiel Center. 


lf not assigned a mission in support of astronautics, other roles which 
ACEL could perform in meeting the life sciences research require- 
ments of the Navy. 


The ACEL has the staff and equipment to undertake a wide variety 
of supporting studies and equipment developments which will be 
needed to adapt man to his weapons systems and to assure his military 
effectiveness, safety, and comfort. 

Personnel on loan to or from other Government agencies.—None. 


FISCAL DATA 


Budget estimates for present and future programs as well as costs 
of grants and contracts are treated in the fiscal table at the beginning 
of the Department of Navy section. 


Capital investment in overall plant and equipment.—Estimated re- 
placement cost, $5,616,000. 


Major physical resources 

(a) Square feet of floorspace: 129,496 square feet, including offices, 
laboratories, and test areas. 

(5) Special laboratory and other facilities: 

(1) The altitude/thermal/decompression facility at the ACEL 
is believed to be the only facility in the country capable of simu- 
lating the complete thermal profile of space flight, including 
prelaunch, launch, orbit, reentry, and postlanding conditions. 

t3 Body temperature laboratory. 

3) Physiology and chemistry SDatetiey. 
4) Respiration laboratory. 

5) Electronic shop and laboratory. 

6) Human engineering laboratory. 
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(7) Low-pressure laboratory. 

(8) Environment laboratory. 

(9) Liquid oxygen laboratory. 

(10) Model shop. 

(11) Sewing room. 

(12) Adhesives laboratory. 

13) Physiological acoustics laboratory. 
ti) Electrophysiology laboratory. 
(ce) Special research equipment: 

Ejection seat test tower. 
Static seat ejection recovery net. 
Linear accelerator. 
Vertical “bounce” tower. 
30 by 30-foot underwater ejection tank. 
Bjection seat environment simulator. 


Staff breakdown 


Scientific personnel Administrative and technical 
support personnel 


Offi- En- Civil |Total} Offi- En- 
ians cers listed 


Bachelors degree in— 
Chemistry 
Biolory 
Psychoiogy 
Mechanical engineering--.--- - 
Physics 
Industrial engineering 
Chemical engineering_ 
Business administration.......}....~.~-|--------|e-20+0--|----»-|p------- Ra cieat ent 


Other (specify) 
Doctors of medicine: 
General practitioner 
Flight surgeons 
Other specialties (specify) 
Other doctoral degrees: 
Biochemistry 
Physiology 
Psycholog 
All others (without degree): 
FR iiacinn snamppetenkogeeneiiinabéosion 
Subprofessional (including 
work-study students) 
Clerical 


2 19 


Bot oe wee Cte CNS KH ROCK ws 





DEPARTMENT OF THE ARMY 


A. DeparRTMENT OF THE Army Fiscan Summary ror AEROSPACE 
Reuatep Lire Programs 


Installations 


Walter Reed Army Institute of Research 
U.S. Army Medical Research Laboratory 
U.S. Army Medical Research and Nutrition Laboratory 
QM Research and Engineering Center Laboratory 
M Food and Container Institute 
.S. Army Biological Warfare Laboratories 
Human Resources Researc ce 
Personnel Research Branch, The Adjutant General’s Office 


B. DepaRTMENT oF THE Army Starring SumMARY FOR AEROSPACE 
Retatep Lire Scrence ProcramMs 


Installations 


Mili- | Civil- 
ian 


Walter Reed Army Institute * 
of Research 
U.S. Army Medical Research ? 
Laboratory.._...-......-..- 
U.S, Army Medical Research? 
Nutrition Laboratory 
Q.M. Research and Engineer- 
_ Center Laboratory 
. Food and Container 


Institute 

U.8. Army Biological Warfare 
Laboratories 

Human Resources Research 
Office 

Personnel Research Branch, 
The Adjutant General's 
Office 


1 Includes M.D., Ph. D., dentists, veterinarians, 
2 Includes technicians, stenographers, and other support personnel. 
3 Figures refer only to that part of staff involved in research most relevant to aerospace activities. 


C. Lire Science Programs 


1. Walter Reed Army Institute of Research, Washington, D.C, 

2. U.S. Army Medical Research Laboratory, Fort Knox, Ky. 
_3. U.S. Army Medical Research and Nutrition Laboratory, Fits. 
simons Army General Hospital, Denver, Colo. 

4. Quartermaster Research and Engineering Center Laboratories, 
Quartermaster Research and Engineering Command. 
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5. Quartermaster Food and Container Institute for the Armed 
Forces, Quartermaster Research and Engineering Command. 

6. U.S. Army Biological Warfare Laboratories, Fort Detrick, Md. 

7. Human Resources Research Office, Washington, D.C. 

8. Personnel Research Branch, The Adjutant General’s Office. 


1. Wavrer Reep Army Iystirute or Resparcu, Wasurineron, D.C. 


The Walter Reed Army Institute of Research was first established 
in 1893 as the Army Medical School at the instigation of Surg. 
Gen. George M. Sternberg. The school was redesignated the Medi- 
cal Department Professional Service Schools in 1923 when it became 
a component of the Army Medical Center. Throughout World War 
II, the school conducted an expanded education program for Medical 
Corps Officers. In 1955, the name was changed to its present official 
title, Walter Reed Army Institute of Research. 

Mission 

(1) Conduct research and evaluation studies in the military aspects 
of the biological and medical sciences, correlate these findings with 
data from other sources, and disseminate the basic tenets derived 
therefrom in a graduate educational program as required for the 
national defense. 

(2) Plan and conduct the Army Medical Service’s medical, dental, 
veterinary, and allied sciences advanced technical and graduate edu- 
cational programs required for the military aspects of professional 
practice in support of the Army’s mission in national defense. 

(3) Plan and conduct research and development in relation to 
this program on approved projects of the Chief of Research and 
Development, Department of the Army, as assigned by the U.S. Army 
Medical Research and Development Command, Office of the Surgeon 
General, and to correlate those research activities within its sphere 
that are conducted by other Medical Service laboratories. 

(4) Provide advisory services on problems in procedure or tech- 
nique in military medicine, dentistry, and veterinary medicine; pro- 
vide special technical quality control where required; and conduct 
development studies in relation to biologic products presenting prob- 
lems of military importance. 

(5) Act as a diagnostic reference source for installations of the 
Army for difficult Medical Service problems and evaluations that 
require complicated analyses or tests not available in other Army 
installations. 

(6) Provide technical supervision for research conducted by— 
Army Medical Research Unit, Kuala Lumpur, Malaya. 
Army Medical Research Unit, Europe, Landstuhl, Germany. 
Army Medical Research Unit, Panama. 

Current major programs.—None in direct support of aeronautical 
and space activities. The following tasks are of potential interest. to 
aeronautical and space activities: 

(1) Chemical protection against total body radiation. This task is 
to develop an antiradiation drug which can be taken before exposure, 
to reduce the biological effects of ionizing radiation. 
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(2) Psychological and physiological reactions to stress. This task 
is to determine the widespread effects of stresses on the physiological 
functioning of the soldier and to search for constructive means to mod- 
ify the adverse effects and to prepare him for most effective per- 
formance. Primate performance under space conditions was studied 
under this task during 1959 in Jupiter AM-18 bioflight 2, with studies 
of primates Able and Baker in cooperation with the U.S. Navy and 
with partial funding by the National Aeronautics and Space Adminis- 
tration. 

Future major programs.—None are planned for direct support of 
aeronautical and space activities, 

Authority for present and anticipated future programs.—Not 
applicable. 

i uitability of present and planned facilities to the current and 
assumed future missions of the organization.—Not applicable. 

If not assigned a mission in support of astronautics, what other roles 
could this organization perform in meeting life sciences research re- 
quirements of the armed services? Current research programs are in 
support of the mission of the Army Medical Service. These studies 
will be continued. 

FISCAL DATA 


Budget estimates for present and future programs (fiscal year 1960-61) 


Fiseal year | Fiscal year 
1960 1961 


1, Chemical protection against total body radiation $175, 000 
2. Psychological and physiological reactions to stress 5 200, 000 


375, 000 


Costs of present and anticipated grants and contracts to nongovern- 
mental groups or educational institutions by major categories.—All 
contracts and grants are made by the U.S. Army Medical Research and 
Development Command, Office of The Surgeon General, Department 
of the Army. The following are in support of the tasks above: 


Fiscal year | Fiscal year 
1960 1961 


1. Chemical protection against total body radiation 2, $825, 000 
2. Psychological and physiological reactions to stress \ 70, 000 


Capital investment in overall plant and equipment, both at present 
and anticipated for futwre-—Not applicable. 

Descriptions and costs of present and anticipated future services 
or project awards to other Government agencies for performance, or 
pm at in-house facilities for other Government agencies.—Not 
applicable. 
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Staff breakdown* 


Scientific staff 
Military | Civilian | Total 


Ph. D.: Research psychologist 
MD: Nuclear medicine 
Veterinary toxicologists 


1 Refer to that part of staff involved in above-listed projects. 


Numbers and types of personnel or loan to other Government 
agencies or on loan from other Government agencies.— 

(1) One medical officer, aviation medicine, loaned to NASA Space 
Task Group, Langley Field, Va., in support of Set Mercury. 

(2) One Medical Service Corps officer, research psychologist, 
loaned to the USAF, Holloman AFB, for operant conditioning of 
primate colony, Project Mercury, funded by NASA. 

(3) One Medical Service Corps officer, research psychologist, con- 
sultant to USAF, Holloman AFB, for operant conditioning of pri- 
mate colony, Project Mercury, funded by NASA. 

(4) One Medical Service Corps officer, administrative officer, 
loaned to Armed Forces—National Research Council Committee on 
Bioastronautics, for advisory services. 

Major physical resources.—No specific facilities or equipment are 
devoted to bioastronautics. 


2. U.S. Army Mepicat ResrarcH Lasoratory, Forr Knox, Ky. 


The U.S. Army Medical Research Laboratory was established 
September 1, 1942, through the combined efforts of the Surgeon Gen- 
eral, U.S. Army; the Surgeon of the Armored Force; and the Commit- 
tee on Industrial Hygiene of the Nationa] Research Council, to study 
the physical and mental stresses placed upon the soldier in the opera- 
tion of armored vehicles. It was designated the Army Ground Forces 
Armored Research Laboratory. As its:scope of activity and its mis- 
sion changed, it was known at various times by the following official 
names: Armored Medical Research Laboratory, Medical Department 
Field Research Laboratory, Army Medical Research Laboratory, and 
U.S. Army Medica] Research Laboratory. On October 3, 1958, the 
Laboratory was assigned to the U.S. Army Medical Research and 
Development Command. 

The current mission of the Laboratory is to conduct basic and ap- 
a research on physiological, biochemical, biophysical and psycho- 

ogical problems that have military significance. This includes re- 
search on physiological and psycho-physiological responses to various 
environmental factors such as heat, cold, radiation, noise, vibration, 
blast and all other macroenvironmental and microenvironmental fac- 


tors which affect the soldier’s operating efficiency or ability to sur- 
vive; the basic biological aspects of ionizing and nonionizing radia- 
tion; research directed toward improvement of field X-ray tech- 
niques used by the Army Medical Service; field research; and studies 
on human engineering problems arising from expanded global mili- 
tary operations. 
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Current major programs.—Although there are no programs in 
aeronautics cnapeats activities, the following tasks are considered of 
potential interest : 

(1) Vision and perception in relation to performance. This task 
is designed to gain knowledge regarding the adaptation of known 
human perceptual abilities to the requirements of military weapons 
and other man-machine systems. 

(2) Audition and sound in relation to performance. This task 
is to determine the limits and variations in psychological and physio- 
logical capabilities under a variety of noise environments. 

(3) Physiology of the effects of cold. This task is to study the 
basic physiological mechanisms involved in cold adaptation, to con- 
tribute to the solution of problems concerned with employment of 
military forces in a cold environment. 

Future major programs.—None planned for support of aeronautical 
or space activities. 

ame for present and anticipated future programs.—Not 
applicable. 

Suitability of present and planned facilities to the current and as- 
sumed future missions of the organization.—Not applicable. 

If not assigned a mission in support of astronautics, what other 
roles could this organization perform in meeting life sciences research 
requirements of the armed services?—The research program supports 
the mission of the Army Medical Service. Current research orienta- 
tion will continue. 

FISCAL DATA 


Budget estimates for present and future programs (fiscal year 1960-61) 


1, Vision and perception in relation to performanee 
2. Audition and sound in relation to performance. 
3. Physiology of the effects of cold 


Costs of present and anticipated grants and contracts to non- 
governmental groups or educational institutions by major catego- 
vies.—All contracts and grants are made by the U.S. Army Medical 
Research and Development Command, Office of the Surgeon General, 
Sparen of the Army. The following are in support of the tasks 
above: 

Grant and contracts 


1, Vision and perception in relation to performance 
2. Audition and sound in relation to performance 
3. Physiology of the effects of cold 


Capital investment in overall plants and equipment, both at present 
and anticipated for future——Not applicable. , 
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Descriptions and costs of present and anticipated future services 
or project awards to other Government agencies for performance, or 
performed at in-house facilities for other Government agencies.—N ot 
applicable. 


Staff breakdown* 


Scientific staff 


Military | Civilian | Total 


Doctor of philosophy, research psychologist _.................-..-------.-- 
Maaster’s Gegres, OPCOMCHME, oak. noo npccnddnndecoucacuandbupodsact od 


mb 


2 Refers to that part of staff involved in above-listed projects. 


Numbers and types of personnel on loan to other Government 
agencies or on loan from other Government agencies. None. 

Major physical resources. No specific facilities or equipment are 
devoted to aeronautics or space activities. 


3. U.S. Army Mepicat Resgarcn anp Nutrition Lanorarory, 
Firzstuons Army GENERAL Hosprrat, Denver, Coo. 


The Laboratory, as presently constituted, was established through 
a consolidation of two previously existing laboratories—the U.S. 
Army Medical Nutrition Laboratory, and the U.S. Army Research 
and Development Unit. The history of the present unit, therefore, 
consists of two parts—one pertaining to the Nutrition Laboratory 
and the other to the R. & D. unit. 

(1) Nutrition—The Laboratory had its beginning during World 
War I in the Division of Food and Nutrition of the Medical De- 
partment. In the years intervening between World War I and 
World War IJ, nutrition studies in the Army were greatly curtailed. 
They were continued at the beginning of World War II in the Nutri- 
tion Laboratory at the Army Medical Center, Walter Reed Army 
Hospital. In September 1944, the Nutrition Laboratory at the Army 
Medical Center was transferred to the Quartermaster Depot, Chicago, 
and designated as the Medical Nutrition Laboratory. In September 
1953, the Laboratory was moved to Fitzsimons Army Hospital, Den- 
ver. In January 1957, it was redesignated the U.S. Army Medical 
Nutrition Laboratory. Effective September 1, 1958, the Laboratory 
was consolidated with the U.S. Army Research and Development 
Unit at Fitzsimons, and designated the U.S. Army Medical Research 
and Nutrition Laboratory. 

(2) Research and Development unit—The unit was first estab- 
lished at Fitzsimons Army Hospital as a branch of the hospital under 
the title of the Research and Development Branch on October 1, 
1947; subsequently reorganized in January 1955 as the Research and 
Development Unit, Fitzsimons Army Hospital. It was subsequently 
redesignated as the U.S. Army Research and Development Unit. 
The consolidation with the U.S. Army Medical Nutrition Laboratory 
was effected on September 1, 1958. 

Mission 

(1) To investigate the adequacy of the soldier’s diet and determine 
the nutrition intake; assess the health as related to nutritional status 
of troops in all environments, recommend nutritional measures de- 
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signed to insure that the troops are as healthy and fit as is com- 
patible with local danger, disease, and environment; devise and recom- 
mend nutritional means to prevent disease and damage to troops under 
all conditions; and observe and make recommendations on the nutri- 
tion “ree nutritional status of civil populations under military 
control. 

(2) To investigate clinical problems in the field of internal medi- 
cine and therapeutics. Special attention is given to pulmonary 
diseases, and cardiovascular surgery. 

Current major programs.—There are no programs in support of 
aeronautics and space activities. The following tasks are of potential 
interest : 

(1) Minimal nutritional requirements. This task is to determine 
the lowest level of nutrients at which the soldier can function effec- 
tively under varying environmental circumstances. 

(2) Studies on algae as a food source. This task is designed to 
determine the value of algae as a caloric and protein source. 

Future major programs.—There are no plans for a future program 
in aeronautics and space activities. 

00 hg for present and anticipated future programs.—Not 
applicable. 

Suitability of present and planned facilities to the current and 
assumed future missions of this organization.—Not applicable. 

If not assigned a mission in support of astronautics, what other roles 
could this organization perform in meeting life sciences research 
requirements of the armed services?—The research program of the 


U.S. Army Medical Research and Nutrition Laboratory was estab- 
lished to support the mission of the Army Medical Service. Studies 
will continue as currently oriented. 


FISCAL DATA 


Budget estimates for present and future programs (fiscal year 1960-61) 


Fiscal year | Fiscal year 
1960 1961 


1, Minimal nutritional requirements 
2. Studies on algae as a food source 


Costs of present and anticipated future services or project awards 
to nongovernmental groups or educational institutions by major cate- 
gories.—A]] contracts and grants are made by the U.S. Army Medical 
Research and Development Command, Office of The Surgeon General, 


a of the Army. The following are in support of the tasks 
above : 


Grants and contracts 


1. Minimal nutritional requirements 
2. Studies on algae as a food source 
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Capital investment in overall plant and equipment, both at present 
and anticipated for future.—Not applicable. 





Descriptions and costs of present and anticipated future services or 

project awards to other Government agencies for performance, or 

erformed at mhouse facilities for other Government agencies.— 
ot applicable. 


Staff breakdown* 


Scientific staff 


Military | Civilian | Total 


—— eee ff | | 


Doctor of Philosophy: 
DADERIOEE... Bic dice ontentideaiiddbjndnencvibidep ically nkihiisda tgtttanc’ 
RINNE. ncn enna peukplsenendiesestatnacuiieminamananmans 

Doctor of medicine: Internist 


1 Refers to that part of staff involved in above-listed projects. 


Numbers and types of personnel on loan to other Government 
agencies or on loan from other Government agencies.—None. 

Major physical resources.—No specific facilities or equirment are 
devoted to bioastronautics. 


4. QUARTERMASTER RESEARCH AND ENGINEERING CENTER LABORATORIES, 
QUARTERMASTER ResEARCH AND ENGINEERING ComMAND 


In 1935 a Research and Development Branch was established in the 
Office of the Quartermaster General. The Quartermaster research 
and development laboratories were located at Jeffersonville, Ind.; 
Philadelphia, Pa.; Lawrence, Mass.; Cameron, Va.; and Chicago, Ill. 
The Headquarters, Quartermaster Research and Development Com- 
mand, was established at Natick, Mass., on October 1, 1953. The 
scientific activities were officially separated as a subordinate element, 
the Quartermaster research and engineering center laboratories, on 
May 28, 1957. 

The mission is to execute a research and/or development program 
concerned with basic research on the operational capability of the 
Quartermaster Corps equipped soldier under varying degrees of nat- 
ural and military environmental stresses. 

Current major programs.—N one of the current major programs are 
directly in support of aeronautical and spacé activities. The follow- 
ing tasks may contribute relevant information: 

(1) Thermal protection of the individual soldier—Tasks: 

Investigation of the heat flow. 

me. of the thermal characteristics of halogenated com- 
pounds. 

Study of means of — intense thermal energy in materials 
using photosensitive dyestuffs. 

Investigation of materials for protection of the eyes against the 
flash effects of nuclear detonations. 

(2) Combat and special-purpose clothing and equipment—Task: 
“ae ication of heating and cooling systems to clothing. 

(8) Quartermaster pioneering research—Tasks: 

Study of the spectral ‘aaatitian polarization, and light pressure 
properties of solar radiation. 
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Basic research on the biological and biochemical reactions of 
microorganisms. 
Synthesis and/or isolation of organic compounds in food. 
Isolation and synthesis of radiation protective chemicals in food. 
Isolation and synthesis of volatile compounds and their precur+ 
sors in vegetables. 
Basic research in radiation ee and biology. 
Future major programs.—None planned. 
Authority for present and anticipated future programs.—Not ap- 
licable. 
. Suitability of present and planned facilities to the current and 
assumed future missions of this organization.—The present and plan- 
ned facilities are directed to and are adequate for the acomplishment 
of the mission. 

If not assigned a mission in support of astronautics, what other roles 
could this organization perform in meeting life sciences research re- 
quirements of the armed services?—Research on basic and life scien- 
ces will continue with appropriate coordination with other elements of 
the armed services. 

FISCAL DATA 


Budget estimates for present and future programs and costs of present and 
anticipated grants and contracts to nongovernmental groups or educational 
institutions by major categories 


Total budget 


Heat flow principle 
Halogenated compounds , 
Dissipation of thermal energy 5, 0 | American Cyanamid_. 
h protection. } 
Mine Safety 


Mark Polarized Co. -- 
Integrated clothing 
Thermalibrium and auxiliary heating - oe 
arr 


Polarization and light pressure 

Secretion of enzymes by fungi 

Radiation protective chemicals in food_ 

Volatile compounds in food 

Radiation chemistry, physics, 
biology. 


1 From 1959 funds which expire in June 1960. 


Capital investment in overall plant and srripe ett both at present 
he 


and anticipated for future.—Not applicable. research related to 
astronautica] and space activities is a minor part of the total program. 

Descriptions and costs of present and anticipated future services or 
project awards to other Government agencies for performance, or per- 
formed at in-house facilities for other Government agencies—None. 


Major physical resources 


Square feet of floor space—Not applicable as this is an integrated 
part of the overall organizational facility. 
Special laboratory facilities.—Not applicable. 
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Special items of research equipment ($25,000 or more per item) .— 
The only major resource of direct significance for aeronautics and 
space activities is the solar furnace. This facility costs $277,000 and 
provides a flux up to 100 gram-calories per square centimeter per 
second over a disk of 10 centimeters in diameter. 


Staff breakdown 


Scientific staff Administrative and 
technical support staff 


Mili- | Civil- | Total 


Ph. D.: 

Biology pl 

Microbiology-.....------ 

Physiology --- 

Entomology 

Anthropology - -- - om : 

Meteorology --....-......----- 

ILA, «0 dente ncwabeteicn .oddeacbced 

Food technology 

Geograpby.-.--- 

Physics Fi dale nsf deepest acral he ae 

Analytical chemistry--- 

Biochemistry - didok 

Organic chemistry - - - -- 

Physical chemistry 

Psychology - .- --. 

Mechanical engineering -- - 

Economics e i 
ET a dn ci. cnbenesiansdsouunnee meanmaaiel 53 Ne a 53 
Bachelor’s degrees_...- 9 ) 14 215 
All other personnel, scientific staff 309 | 415 


i DOr OOO et er eT 


N.B.: The above figures represent the total R. & D. and support personnel of the laboratories. Of these, 
it is estimated that about 18 man-years of scientific and 17 man-years of technical support effort are devoted 
annually to the listed activities. 


5. QuaRTERMASTER Foop anp CONTAINER INSTITUTE FOR THE ARMED 
Forces, QUARTERMASTER RESEARCH AND ENGINEERING CoMMAND 


In 1936 a Subsistence Research Laboratory was established at the 
Chicago Quartermaster Depot. In 1942 the name of the Laboratory 
was changed to the Quartermaster Subsistence Research and Develop- 
ment Laboratory. Throughout the years, the mission was expanded 
to include research and development responsibility for containers and 
packaging and packing materials, as well as Department of Defense 
R. & D. responsibility for food. The Laboratory was redesignated 
the “Quartermaster Food and Container Institute for the Armed 
Forces” in March 1946, and designated an activity of the Quarter- 
master Research and Engineering Command on October 1, 1953. 

Mission.—The mission is to execute a research and/or development 
program concerned with basic research in food nutrition, stability, 
and acceptance; design, development, evaluation of military rations 
and food products for the Armed. Forces; development and. evalua- 
tion of containers; research on irradiation preservation processes. 

Current major programs.—The Institute has no program directly 
in support of aeronautic and space activities. The following con- 
tribute relevant information: 

(1) Food products development—Tasks: Development of foods 
for high altitude feeding. 

(2) Food research—Tasks: The relationship, of nutrition to ‘per- 
formance of stressful workloads as a basis for establishing minimal 
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ration requirements. The feasibility of microbiological methods of 
producing food. 

Future major programs.—A program on the food and water aspects 
of man’s space exploration has been forwarded to NASA for consid- 
eration. 

Authority for present and anticipated future programs.—Not 
applicable. 

Suitability of present and planned facilities to the current and 
assumed future missions of this organization—The present and 
planned facilities are adequate for the accomplishment of the mission. 

If not assigned a mission in support of astronautics, what other 
roles could this organization perform in meeting life sciences re- 
search requirements of the armed services? Research will continue 
as presently oriented. 

FISCAL DATA 


Budget estimates for present and future programs.— 

(1) See fiscal data table. 

(2) Proposed program on the food and water aspects of man’s 
space exploration : $3,340,000. 

Costs of present and anticipated grants and contracts to nongov- 
ernmental groups or educational institutions by major categories.— 
See fiscal data table. 

Capital investment in overall plant and equipment, both at present 
and anticipated for future——Not applicable as research related to as- 
tronautical and space activities is a minor part of the program. 

Descriptions and costs of present and anticipated future services or 
project awards to other Government agencies for performance, or 

erformed at in-house facilities for other Government agencies.—See 

scal data table. 

Numbers and types of personnel on loan to other Government agen: 
cies or on loan from other Government agencies; describe programs 
imvolwed and reasons for loans.—None. 


Major physical resources 


Square feet of floorspace.—Not applicable as this is an integrated 
part of the overall organizational facility. 

Special laboratory facilities —Not applicable. 

Special items of research equipment.—None. 


FISCAL DATA 


Transfer from 
Total Budget Contracts U.S. Air Force 
to Quarter- 
master 


American Can 
Sun Tube Corp 

. Undetermined .__....... 
Nutrition and _— stressful |$60,000 [$35,000 | Northwestern Univer- 

workloads, sity. 
Lankenau Hospital _-_-_- 
Microbiological methods 

for producing food. 


Total 


) Air Force plans not known at this time. 
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Staff breakdown 


Administrative and technical 
support staff 


Total | Military | Civilian 


Ph. D.: 
Microbiology 
Physiology 
Plant physiology 
Food technology 
Nutrition 
Organic chemistr 
Agricultural bioc 
Psychology... --..-.- ere ee eee 
NR EONAS 
Natural science 
American literature 
Master’s degrees: Scientific 
Bachelor’s degrees 


~ 
a 


Nortr.—An estimated 13 man-years of scientific, and 10 man-years of technical support effort per year 
= above-listed projects. Only military personnel with a direct responsibility in a scientific program are 
shown. 


6. U.S. Army Brotoaican Warrare Lanoratories, Fort Derrick, 


Mission.—To conduct a research and development program in of- 
fensive and defensive biological warfare. The program includes 
biological agents, weapons, and protective measures. 

Current major programs.—No major program. Related task as 
follows: Decontamination measures for protection against BW re- 
search and development hazards. Object, to develop disinfectants 
and procedures for the sterilization of biological agents. NASA has 
requested the Chemical Corps to perform a study of adequate means 
for sterilization of space probes. 

Future major programs.——None. The Chemical Corps has pro- 
posed a program to NASA on the food and water aspects of man’s 
space exploration. 

ae for present and anticipated future programs.—Not ap- 

icable. 

. Suitability of present and planned facilities to the current and 
assumed future missions of this organization—The Laboratories’ 
facilities are suitable for conducting the mission outlined above. 

If not assigned a mission in support of astronautics, what other 
roles could this organization perform in meeting life science re- 
search requirements of the armed services?—The Chemical Corps 
would continue work on its mission and the NASA task it is now con- 
ducting. The program listed above will be started provided NASA 
approves and cites the necessary funds. 


FISCAL DATA 


Budget estimates for present and future programs (fiscal year 
1960 and 1961).—(1) Present, $30,000; (2) proposed program on the 
food and water aspects of man’s space exploration, $1,370,000. 

Costs of present and anticipated future services or project awards 
to nongovernmental groups or educational institutions by major cate- 
gories.—None. 
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Capital investment in overall plant and equipment, both at present 
and anticipated for future—Not applicable (amount insignificant). 
Descriptions and costs of present and anticipated future services or 
project awards to other Government agencies for performance, or per- 
ormed at inhouse facilities for other Government agencies—None. 
The chart below gives personnel in the Protective Branch, Physical 
Defense Division : 


Scientific staff 


Military | Civilian | Total 


Doctor of philosophy: Chemistry .................2-.22--. ccc ss ecee lets. 
Doctor of medicine: 
Pc idinnnenasixgasenmennienaccegeseetepmenbetoeiinnaniae 


Tdi tninso2agcdeeiaelits sane ooh eqmed canscutakesont hmm imal 17 


There are a total of 11 technicians and administrative personnel sup- 
porting the scientists. 
Major physical resources.—None. 


7. Homan Resources Resgarcw Orrice, Wasuineton, D.C. 


The Human Resources Research Office (Humrro), George Wash- 
ington University, is an Army contract agency, established in 1951, 
which conducts a research program in personnel management, train- 
ing methods, motivation, morale, and leadership. 

Current major program.—Humrro has no program in bioastronau- 
tics, One of its units, located at Presidio, Monterey, Calif., conducts 
a task to determine the role of isolation effects in complex learning 
and motivation and the performance of individuals under conditions 
of prolonged minimization of sensory input. 

uture major programs.—None is planned. The study method 
above will continue. 

Authority for present and anticipated future programs.—Army 
Regulations 70-8, Human Factors Research, which establishes the 

umrro mission as stated above. 

Suitability of present and planned facilities to the current and 
future missions of this organization.—Facilities are in keeping with 
the Army mission. 

wf eg assigned a mission in support of astronautics, what other roles 

could this organization perfor min meeting life sciences research re- 
quirements of the armed services?—Humrro will continue research to 
solve Army problems in training. 


FISCAL DATA 


Budget estimates for present and future programs fiscal year 1960- 
61.—Fiscal year 1960, $100,000; fiscal year 1961, $110,000, 


54232—60-——_138 
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Costs of present and anticipated grants and contracts to nongovern- 
mental groups or educational institutions by major categories.—The 
task is part of a larger contract to an educational institution. 

Capital investment in overall plant and equipment, both at present 
and anticipated for future—Instrumented isolation chambers de- 
veloped over the past 3 years at a cost of $87,000. These facilities are 
property of the Army. 

Descriptions and costs of present and anticipated future services or 
project awards to other Government agencies for performance, or per- 
formed at inhouse facilities for other Government agencies.—N ot ap- 

licable. 
: Staff breakdown.—Doctor of philosophy, psychology, 3; bachelor’s, 
physics, 1; administrative support, 2. 


8. PersonneL Research Brancn, THe Apsutant GENERAL’s OFFICE 


Name, origin, and mission.—The Personnel Research Branch, The 
Adjutant General’s Office conducts research in personnel operations, 
selection, classification, assignment, and utilization for the Army in 
accordance with Army Regulation 70-8, Human Factors Research. 

Current major programs.—No task in this program is directed 
toward bioastronautics. Two tasks may produce information of 
value. These tasks are: 

(1) Image interpretation: The determination of the common and 
unique psychological abilities, skills, and techniques involved in image 
interpretation via the several media, and 

(2) Errorfree performance: A study of human performance on 
jobs where a principal requirement is the capacity to pay close and 
sustained attention to details of a particular assignment. 

Future major programs.—No bioastronautic study is planned. The 
studies discussed above will be continued. 

Authority for present and anticipated future programs.—Arm 
Regulation 70-8 which establishes the Personnel Research Branc 
mission as stated above. 

Suitability of present and planned facilities to the current and 
future missions of this organization.—Facilities are in keeping with 
the Army mission assigned to Personnel Research Branch. 

If not assigned a mission in support of astronautics, what other 
roles could this organization perform in meeting life sciences research 
requirements of the armed services ?—Personnel Research Branch will 
continue research to solve Army problems in assigned area of 
responsibility. 

FISCAL DATA 


Budget estimates for present and future programs (fiscal year 
1960-61).—The tasks discussed above are funded at $90,000 and 
$75,000, respectively in 1960. The tasks will be funded at $120,000 
and $75,000 in fiscal year 1961. 

Costs of present and anticipated grants and contracts to non-gov- 
= groups or educational institutions by major categories. — 

one. 

Capital investment in overall plant and equipment, both at present 
and anticipated for future.—Not applicable. 
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Descriptions and costs of present and anticipated future services 
or project awards to other Government agencies for performance, or 
erformed at in-house facilities for other Government agencies.— 
Some 
Staff breakdown 


Scientific Administrative 


Military | Civilian | Military | Civilian 


1. Errorfree performance: 
Ph. D., in psychology 
MA in psychology 
Masters, electrical engineers 
Administrative assistants 


2. Imagery: 
Ph, D. in psychology 
Masters in psychology 
Bachelor: 
Geographer 
Political scientists. 
Photo interpreter__.- 
Administrative assistants 


Numbers and types of personnel on loan to other Government agen- 
cies or on loan from other Government agencies.—None. 


Major physical resources 


Square feet of floorspace——Not applicable as the space used is in- 
tegral to the facility which supports many other research tasks. 

Special laboratory facilities —None. 

Special items of research equipment ($25,000 or more per item) .— 
None. 








PART IV. COORDINATION AND UTILIZATION OF 
PROGRAMS, RESOURCES, AND FACILITIES 


In an address, “Future Research in Aerospace Medicine,” on Jan- 
uary 15, 1960, Col. John E. Pickering, Director of Medical Research 
in the USAF School of Aviation Medicine of the Aerospace Medical 
Center, Brooks Air Force Base, Tex., made the following statement: 


* * * we have seen over the past 2 years a tremendous 
growth in our national biomedical space effort. Nearly 
every institution and industrial organization has some facet 
of a space medicine research effort. Additionally, prac- 
tically everyone in this audience has a personal interest in 
space research or is a member of one or more space commit- 
tees. Yet with all of this, we are still without a central 
coordinated space biology research team. Programs are 
being pursued on a near individual basis without benefit, in 
many instances, of advice and experience of interested and 
knowledgeable people. As a consequence we are in fact 
diluting our national talent to such an extent that the future 
may not hold much more hope for real success and under- 
standing than the past, and a record of the past is not neces- 
sarily one of sound and rigorous scientific achievement * * *, 


This expressed need for coordination in space medicine programs 
may well serve as a timely example in considering the adequacy of 
present and proposed structures and mechanisms for coordination of 
space-related life science programs. 


1. PRESENT AND Proposep CoorRDINATION or Lire Scrence Procrams 


During the 2d session of the 86th Congress, hearings were held by 
both the House Committee on Science and Astronautics (title of 
printed hearing: “To Amend the National Aeronautics and Space 
Act of 1958”) and the Senate Committee on Aeronautical and Space 
Sciences (title of printed hearing: “NASA Authorization for Fiscal 
Year 1961—Part I”) which included consideration of some of the 
problems involved in coordination of the various life science programs 
of the Federal Government. On ne ae excerpts from testumony 

t 


on the subject with page references to the hearings from which they 
were taken. 


[Excerpts from House hearing] 


A. Testimony or Dr. T, Kerra Guennan, ADMINISTRATOR, 
NaTIONAL AERONAUTICS AND SPACE ADMINISTRATION, AND 
Dr. Huen L. Drypen, Deputy ADMINISTRATOR 


Mr. Dapparto. Dr. Glennan, on March 1 you announced 
the appointment of Dr. Clark Randt as the Director of the 
Office of Life Sciences. 
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Dr. GLENNAN. Yes, sir, 

Mr. Dapparro. At the same time you stated the two objec- 
tives of space research, to provide for research, development 
and training, in the scientific and technological aspects of 
manned space flight and to investigate fundamental biolog- 
ical problems relative to space environments including re- 
search for extraterrestrial life. 

Now, where will these facilities be built ? 

Dr. Grennan. Presently, we have discussed building a 
small research establishment, either on the grounds of God- 
dard Space Flight Center or perhaps at the National Insti- 
tutes of Health. There are reasons for considering one as 
against the other. For instance, the close association be- 
tween the physical scientists, worrying about space flight, and 
satellite flights, that sort of thing, with the life scientists, is 
to be desired. On the other hand, there is to be considered 
the community of interest of the people working in our life 
sciences program, particularly in the bioscience area, with 
their colleagues in life sciences in. other fields. 

Actually, Mr. Daddario, we do not plan to build such an 
establishment immediately. 

Our initial activities in that field will be the development 
of a program of research in which we will support activities— 
research activities—on college campuses, medical schools, 
and in the laboratories of the military services, particularly 
in the latter case in those areas where bioastronautics is 
involved. 

Mr. Dapparro. * * * 

Now, we have air medical research centers at Wright Field, 
and Brooks Air Force Base, Holloman, Johnsonville, and 
through the testimony that has been given to the committee, 
it appears that we already have facilities for just the things 
you are talking about now. Are they going to be used? 
How will they be used? Will you give your requirements 
to them? Will their facilities that have been developed and 
the training that they have had over the course of time be 
properly utilized? Is it necessary even to have a small 
medical center of your own? Cannot these people, who have 
already spent millions of dollars, be used for this particular 
purpose? Brooks Air Force Base has spent over $10 million ; 
there must be $20 million or better in these four establish- 
ments. 

Dr. Guennan. They will be, Mr. Daddario. 

The point is, however, that if we are going to be concerned 
with the explorations of space, we are going to be concerned 
with the life sciences in space. We are not going to be able 
to monnitor, to usefully support work in other areas, in other 
laboratories such as the military laboratories, except we have 
competence on our own staff. The only way we well get com- 
petence on our own staff is to have a'small research establish- 
ment where the people that we will be using in this area will 
also have their own laboratories. This is not a large buildup, 
although I quite realize the fear—a fear I share with you— 
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that once you start something it begins to grow. We don’t 
envision this at all. Actually, in the use of the centrifuge 
at Johnsville, the monkey colonies at. Brooks, the School of 
Aviation Medicine, these people have been particularly con- 
cerned with the problems of stress in flight, some sensory 
deprivation, that type of thing. They have not been con- 
cerned to any great extent with really basic studies of the bio- 
logical type. And we think we must get into this area. 
There is no one doing this work. 

* * * Tt seems to me almost impossible to simply say to the 
biomedical organizations in the Army and in the Navy and 
in the Air Force—“You worry about the life science area in 
space.” They won’t know where to start. They know what 
to do and they have known what to do as aircraft have become 
faster and have flown to greater heights. ‘They have had to 
qualify their Ro se 

But in the broad sweep of the life sciences, I think there 
isn’t any question but someone has to do this and we believe 
that we can’t duck that responsibility, sir. 

Mr. Dapparto. Dr. Glennan, this is one of the problems 
which accentuates my fears in this whole area of bringing 
things together. Frankly, I cannot see why these four facil- 
ities cannot take the next step. I can’t see why you couldn’t 
hand them a requirement; wi there should be so much dif- 
ficulty in their finding a place to start. I think they already 
have started in this area. Why couldn’t they carry out ex- 
periments within these facilities that you would request ? 

* * * T feel that it is duplication and. waste, not only of 
facilities, but of funds. There ought to be more reason, 
from your standpoint than that they would not know where 
to start, or that they are not making progress in this area. 
I feel they are, and I think it is progress which you should 
take advantage of. 

* * * isn’t that the place for them to logically broaden 
themselves ? 

Dr. Grennan. They may not have the competence there. 
They have been concerned with fight problems. 

Mr. Dappario. Well, then some of the testimony I have 
heard, I must have misinterpreted, because I have heard testi- 
mony as to their desire to develop a capacity and a compe- 
tence with respect to future efforts into space. 

Dr. Drypven, Let me try to clarify this, Mr. Daddario. 
They are concerned with what many of us call bioengineer- 
ing, the engineering problems of getting a man in space, 
You are talking mainly about what. is called bioscience, the 
underlying scientific work which is applied in the bioengi- 
neering. This is not something which the present staffs of 
these laboratories can do. * * * 

Now, we are going to continue to use the service labora- 
tories. The estimate is that three-quarters of our effort in 
this field will always be in the universities and service labo- 
ratories. I don’t know whether this makes it any clearer or 
not (pp. 83-86). 


* * * * * 
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B. Testrmony or Wiiiiam M. Honapay, CHarrman, Crvit- 
1AN-Mixrrary Liatson CoMMITTEF 


Mr. Howapay. * * * 

Since the passage of the Space Act on July 29, 1958, the 
Civilian-Military Liaison Committee has met 13 times. The 
first meeting was held on November 25, 1958, and the last, on 
December 8, 1959. For the most part, the items of business 
brought before the Committee at the formal meetings are of 
the information type to keep the Committee, as a whole, in- 
formed on the activities of NASA and DOD in the fields 
of aeronautical and space research and development. The 
formal actions of the Committee are few in number. 

* * * the committee is only one of the channels for in- 
suring the exchange of information between NASA and 
DOD and as indicated by the above formal] actions the role of 
the committee has been of relative minor importance. This 
status of the committee, I might add, had caused some con- 
cern on the part of the members. 

* * * Actually, coordination between the agencies usually 
requires a decisionmaking capability which is the definite 
responsibility of management. 

This committee, because of its composition, that is, a mem- 
bership made up of representatives who are subject to a 
higher internal authority, is incapable of making firm deci- 
sions (pp. 90-91). 


* * * * * 


C. Testrmony or James H. Doveras, Deputy Secrerary or 
DEFENSE 


Mr. Dapparto. * * * The thing that bothers me especially 
in this aerospace medicine field that we touched on before is, 
you have given a statement here today that you have met 
with NASA, and you have cautioned ehian against duplica- 
tion in this particular field. 

And when they appeared before this committee, their posi- 
tion was that there was no duplication in this field of aero- 
space medicine, and that they needed a competence of their 
own. 

It is my belief you have within the Air Force a particu- 
larly good area of responsibility that you should keep, and 
that NASA ought to handle their responsibilities in this area 
by giving you their requirements, and that you should then 
carry them out and give them the results. e should not be 
spending additional moneys for additional buildings, for 
additional salaries in this particular area. 


Secretary Doveras. I think that they are likely to delegate 
responsibility or to delegate activities in the field to a very 
large extent, but I agree with NASA that they have to have 
some competence in their own shop to plan requirements and 
to apply critical judgment to the work that is done for them. 
They have the responsibility at the present time of putting 
man in space. 
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Now, I think that when that is their primary responsibil- 
ity, they can get the Defense Department actually to operate 
the launching system, the range, support, and recovery, but 
they still have a responsibility, and they cannot perform that 


responsibility unless they have competence within their own 
organization. 
would hope that it would be a relatively small group that 
provided that competence in the field you are talking about 
(p. 161). 
* 


* * * * 


D. Testimony or Vice Apm. Joun T. Haywarp, Deputy 
Cuter or Navat Oprrations ( DEVELOPMENT) 


Mr. Dapparto. * * * who would decide or who should 
decide whether or not NASA should also get into the field 
of aerospace medicine? 

Admiral Haywarp. This is a real good question. I would 
say offhand that they should not get into it. The Depart- 
ment of Defense will do any of the aerospace medicine that 
they need. There are people involved and we have the people 
and the facilities and the doctors involved in the work, both 
in the Air Force, in the Navy, and the Army. I think that 
the decision between the Secretary of Defense and Dr. Glen- 
nan would be that the Department of Defense would do it, 
that NASA would not get in it. 

Mr. Dapparto. Then as you see it, and looking into the 
future, if NASA has any requirements in this area, all it 
would have to do would be to hand them over to the De- 
partment of Defense, and the Department of Defense, utiliz- 
ing its present facilities could take care of them? 

Admiral Haywarp. Yes, sir, and we would. For instance, 
Johnsville has been used every bit as much by the Space 
Agency as by ourselves. * * * 

Mr. Dapparto. And if NASA were to build a facility of its 
own, or if it had the desire to build a facility of its own and 
add people within this particular area, would we not be get- 
ting into the area of duplication ? 

Admiral Haywarp. Yes, sir. Actually, I do not think it 
would make good sense. What happens when you build 
something new like that, our people will get better jobs over 
there, they will got higher civil service ratings, things of this 
kind. We would lose our people, too, and as a result, the 
overall effort would suffer (p. 185). 


* * * *K * 


E. Testimony or Lr. Gen. Arruur G. Trupeau, Curr or 
ResEarcH AND DEVELOPMENT, DEPARTMENT OF THE ARMY 


Mr. Dapparto, * * *. 

Now, I'd like to get your ideas on how we might resolve a 
problem: 

During the last few days we have had testimony involving 
aerospace medical raat: NASA feels it ought to have an 
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aerospace medical center, and has appointed a director of a 
department which will include within it this responsibility. 

The Deputy Secretary of Defense, Mr. Douglas, has said 
he thinks they ought to have such a section. 

Admiral Hayward said yesterday that he believes that the 
medical facilities which now exist within the Department of 
Defense, Navy, Air Force, et cetera, are sufficient to take care 
of our requirements, both present and future, and that NASA 
does not need to establish such facilities; he believes that it 
would be duplication if they have it, and that what should 
be done is that NASA should pass its requirements to the 
Department of Defense to handle within these existing 
facilities. * * * How do we resolve this particular problem? 


Who resolves it? Who makes the decision? How would it 
be done? 


General Trupgav. * * * 

We have been able and we are prond to have been able to 

afford NASA a space competency by virtue of their acquisi- 
tion of the Army’s space agencies , and perhaps this is the 
same way that they will acquire the aeromedical bases. In 
the services we have had a very considerable capability, and 
we have made these tests with primates, as you know. I still 
think there is a real medical problem involved here, because 
T am sure that the first man and perhaps most all of the men 
that go to space in the initial days are probably going to be 
people who have raised their hand in the defense of their 
country and wear their country’s uniform, whatever kind of 
uniform you put on in a capsule (pp. 203-204). 


2k * cd ES * 


F. Testimony or Lr. Gen. Bernarp A. Scuriever, Com- 
MANDER, Arr ResearcH AND DEVELOPMENT COMMAND, 
DEPARTMENT OF THE AIR Force 


Dr. Dapparro. You have said, General Schriever, that we 
are preoccupied too much with duplication. You said that 
today, and on other occasions. 

General Scurirver. That is right. 

Mr. Dapparto. Now, what is the present capacity of the 
Air Force in the field of aerospace medical research ¢ 

General Scurrever. We have a considerable capacity 
there. We have in the order of 1,200 scientists in this field. 
We have laboratories at Wright Field. We have a great 
deal of activity going on at Holloman, also at Brooks Air 
Force Base in Texas. We have long been involved in the 
aeromedicine area. I think that—I would say it is a fair 
statement that the Air Force has pioneered in the aero- 
medicine or life sciences area. 

Mr. Dapparto. * * * who will settle the question whether 
the Air Force or NASA should handle aerospace medical 
research. NASA is setting up an agency or a capacity or a 
competence of its own in this particular area. Should they, 
or should they not have it? Who should decide? Why can 
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it not be kept within the Department of Defense? Why 
cannot NASA set its requirements, and give them to Defense 
to be developed ? 

General Scurrever. Well, let me say this, that I did not 
mean to infer that there would never be any differences. 
There certainly will be some. I do not think there will be 
many. We have worked with the old NACA for years in 
this area. We have supported them in the aerospace or life 
sciences area. We are supporting them in this area com- 
pletely in the Project Mercury, for example. 

I personally feel that the setting up of a life sciences or- 
ganization of a large scale in terms of facilities and re- 
sources in NASA should be looked at very carefully. It 
has not been brought to my level for coordination * * * 
(pp. 244-245). 


By * * * 


[Excerpt from Senate hearing] 


NASA OFFICE OF LIFE SCIENCES COULD DUPLICATE MILITARY 
MEDICAL RESEARCH 


Senator Youne. My question is this. NASA has just or- 
ganized a new Office of Life Sciences to do research in space 
medicine. Now, General, is that not a duplication that will 
cause additional expense to our taxpayers, an absolute dupli- 
cation of the Air Force biomedical research activities ? 

General Scurrever. It could be. I have discussed this 
with Mr. Horner. We are going to have some meetings. It 
depends entirely to what extend and what degree they build 
this Office up. I know that at least it is not his intention—I 
have not talked to Dr. Glennan about this—it is not his inten- 
tion to duplicate. I think they need to have an office. But I 
think it should be essentially a staff element, and not try to 
duplicate all the laboratory and other facilities and resources 
that we have in the military. 

Senator Youne. But you do have a very adequate Air 
Force medical research activity, and you do believe that that 
should not be duplicated, do you not? 

General Scurrever. I certainly believe that. I think we 
need to expand ourselves to some extent. 

We have to have it in the military. We have to marry 
the man to the machine. And we simply have to have it, 

Senator Youne. Do you believe it would be far cheaper 
and more effective if you were permitted to expand your 
medical research activities, rather than have NASA dupli- 
cate your facilities and activities ? 

General Scurtever. I think so * * *(pp. 548-549). 


* * * * * 








PART V. OTHER RELATED ORGANIZATIONS AND 
PROGRAMS 


1. NattonaL ACADEMY OF Scrences-NATIONAL RESEARCH COUNCIL 


The National Academy of Sciences-National Research Council is 
a private, nonprofit organization of over 550 scientists, dedicated to 
the furtherance of science and to its use for the general welfare. 
Membership is by election only and is in recognition of research ac- 
complishments. 

The Academy itself was established in 1863 under a congressional 
charter signed by President Lincoln. Empowered to provide for all 
activities appropriate to academies of science, it was also required by 
its charter to act as an adviser to the Federal Government in scientific 
matters. This provision accounts for the close ties that have always 
existed between the Academy and the Government, although the 
Academy is not a governmental agency. 

The National Research Council was established by the Academy in 
1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
Academy in service to the Nation, to society, and to science at home 
and abroad. Members of the National Research Council receive their 


appointments from the Greener of the Academy. They. include 


representatives nominated by the major scientific and technical so- 
cieties, representatives of the Federal Government, and a number of 
members at large. More than 3,000 of the foremost scientists of 
the country cooperate in the work of the Academy-Research Council 
through service on its many boards and committees in the various 
fields of the natural sciences which fall within the eight divisions of 
the Academy-Research Council—Anthropology and psychology, bi- 
ology and agriculture, chemistry and chemical technology, Karth 
sciences, engineering and industrial research, mathematics, medical 
sciences, and physical sciences. Other offices of the Academy-Re- 
search Council include Office of Scientific Personnel, Office of Inter- 
national Relations, and Pacific Science Office. 

Receiving funds from both public and private sources by contribu- 
tion, grant, or contract, the Academy and its Research Council thus 
work to stimulate research and its applications, to survey the broad 
possibilities of science, to promote effective utilization of the scientific 
and technical resources of the country, to serve the Government, and 
to further the general interests of science. 
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A. SPACE SCIENCE BOARD 


NaTIONAL ACADEMY OF Scrences EsTaBLIsHES SPACE SCIENCE 
Boarp 


[Press release of Aug. 3, 1958, from the National Academy of Sciences- 
National Research Council] 


Wasuineton, D.C., August 2.—Dr. Detlev W. Bronk, pres- 
ident of the National Academy of Sciences-National Research 
Council, announced today the formation of a 16-man Space 
Science Board, “to survey in concert the scientific problems, 
opportunities and implications of man’s advance into space.” 

Dr. Lloyd V. Berkner, president of Associated Universi- 
ties, Inc., president of the International Council of Scientific 
Unions and a member of the National Academy of Sciences, 
has been named chairman. 

The Board, besides acting as the focal point for all Acad- 
emy-Research Council activities connected with space-science 
research, will be called upon to coordinate its work with 
appropriate civilian and Government agencies, particularly 
the National Aeronautics and Space Administration, the 
National Science Foundation, and the Advanced Research 
Projects Agency, and with foreign groups active in this field. 

In making the announcement, Dr. Bronk stated, “We feel 
that the formation of this Board can have especial signifi- 
cance for science as we face the challenge and adventure of 
the new steps into space that are surely and swiftly on the 
way. It is my hope that the Board will give fullest possible 
attention to every aspect of space science, including both the 
physical and the life sciences. I believe that the Academy- 
Research Council has a unique opportunity to bring together 
scientists from many fields to find ways to further a wise and 
vigorous national scientific program in this field.” 

The functions of the Board will include studies of scien- 
tific-research opportunities and needs opened up by the 
advent of modern rocket and satellite tools, advice and rec- 
ommendations on space science to interested agencies and 
institutions, stimulation of research interest in the rocket 
and satellite fields, and cooperative activities in this area 
with academies and similar institutions abroad. 

Eleven ad hoc committees have already been organized to 
carry on the work of the Board under Dr. Berkner’s leader- 
ship. These committees, together with their chairmen and 
vice chairmen (who comprise the membership of the Board), 
follow: 

1. Geochemistry of Space and Exploration of Moon and 
Planets: chairman, Dr. Harold C. Urey, professor of chem- 
istry, University of California, La Jolla; vice chairman, Dr. 
Harrison S. Brown, professor of geochemistry, California 
Institute of Technology. 

2. Astronomy and Radio Astronomy: Chairman, Dr. Leo 
Goldberg, chairman, Department of Astronomy, University 
of Michigan. 
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3. Future Vehicular Development (beyond vehicles im- 
mediately available and including possible space stations and 
interplanetary vehicles for scientific research) : Chairman, 
Dr. Donald F. Hornig, professor of chemistry, Princeton 
University. 

4. International Relations Field (coordination with Inter- 
national Council of Scientific Unions and other national sci- 
entific bodies on problems in international sharing of pay- 
loads, international cooperation in space activities and advice 
on the formulation and effects of regulatory policies) : Chair- 
man, Dr. W. A. Noyes, dean, College of Arts and Sciences, 
University of Rochester. 

5. Immediate Problems (space laboratories, orbits, cur- 
rently feasible research projects, and liaison with the tech- 
nical panel on the earth satellite program of the U.S. Na- 
tional Committee for the International Geophysical Year 
during terminal phases of IGY): Chairman, Dr. R. W. 
Porter, chairman of the USNC-IGY Technical Panel on 
the Earth Satellite Program, and consultant—communica- 
tion and control, engineering services, General Electric Co., 
New York. 

6. Space projects (analysis of advanced space research 
proposals and long-range planning) : Chairman, Dr. Bruno 
B. Rossi, professor of physics, Massachusetts Institute of 
Technology. 

7. Ionosphere (experiments pertaining to auroral and 
ionospheric effects, including whistlers and special propaga- 
tion phenomena) : Chairman, Mr. A. H. Shapley, physicist, 
National Bureau of Standards, Boulder, Colo. 

8. Physics of Fields and Particles in Space: Chairman, 
Dr. John H. Simpson, professor of physics, University of 
Chicago; vice chairman, Dr. James A. Van Allen, head, De- 
partment of Physics, State University of Iowa. 

9. Future Engineering Development Beyond Available 
Facilities (telecommunications, telemetry, guidance, environ- 
mental conditions and advanced laboratory requirements) : 
Chairman, Dr. O. G. Villard, Jr., professor of electrical 
engineering, Stanford University. 

10. Meteorological Aspects of Satellites and Space Re- 
search: Chairman, Dr. Harry Wexler, director of meteoro- 
logical research, U.S. Weather Bureau. 

11. Psychological and Biological Research: Chairman, 
Dr. H. Keffer Hartline, Biophysics Section, Rockefeller In- 
stitute for Medical Research ; vice chairman, Dr. S. S. Stevens, 
professor of psychology, Harvard University. 

A twelfth committee, on geodesy, will be chaired by a 
Board member still to be selected. 

In describing how the Board would seek to accomplish its 
tasks, Dr. Berkner said, “To insure the development of U.S. 
space science on a broad base, we shall encourage the partici- 
pation of scientists from universities and private research 
institutions. While Government participation is essential, we 
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feel that it would be unwise if space science were to be de- 
veloped entirely within the bounds of Government activity. 

“We shall also encourage broad participation from all 
fields of science in order to offer useful guidance to all groups 
engaged in space-science research, suggesting—when advis- 
able—the integration of similar proposals and the elimi- 
nation of those that are inappropriate.” 

Still another task before the Board would be a program to 
gain the further cooperation of the International Council 
of Scientific Unions and other international organizations 
in the prevention of undesirable and unnecessary contamina- 
tion of moon and planet surfaces and atmosphere with alien 
particles of energy and matter introduced from earth by space 
vehicles. 

Named as Executive Director of the new Board was Dr. 
Hugh Odishaw, who also serves the Academy-Research 
Council as Executive Director of the U.S. National Committee 
for the IGY. A permanent staff will be recruited to serve as a 
secretariat. 

Although it is a private agency, the National Academy of 
Sciences-National Research Council is obliged, under the 
terms of a congressional charter signed in 1863 by Abraham 
Lincoln, to advise the Government, upon request, on any mat- 
ters of scientific or technical interest. A nonprofit organi- 
zation of distinguished scientists from all branches of natural 
science, the Academy-Research Council is dedicated to the 
furtherance of science and its use for the general welfare. 


SPACE ScrENCE Boarp Reporr or Activities, 
J ANUARY—DecEMBER 1959 


The Space Science Board was established by the National 
Academy of Sciences in mid-1958 in response to national and 
international basic research interests. 

Domestically, the Board serves in an advisory capacity to 
agencies of the Federal Government having executive re- 
sponsibilities in the field of space science. These agencies 
are the National Aeronautics and Space Administration 
(NASA), the National Science Foundation (NSF), and the 
Department of Defense (DOD). Because NASA and NSF 
have primary responsibility for civilian space science, the re- 
lations of the Board to these agencies have been particularly 
close, and the Board is supported by these two institutions. 
The Board has provided Evie and recommendations on a 
variety of subjects relating to basic research; it has served 
to represent the interests of scientists broadly; and, it has 
sought to provide a broad scientific base for current and 
future U.S. space science efforts by stimulating the interests 
of leading scientists in space and by affording a forum for 
discussion of research problems to the scientific community. 

Internationally, the Board serves as the Academy’s vehicle 
for cooperation with scientists of other countries. The ve- 
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hicle for such cooperation is the Committee on S Re- 
search (COSPAR) of the International Council of Scientific 
Unions (ICSU). Adherence to this committee is effected by 
the Academy through the Board’s Committee on Interna- 
tional Relations, whose chairman serves as the delegate to 
COSPAR. The Board, its committees, and Academy staff 
have devoted considerable effort to problems of international 
cooperation — 1959. 

he members of the Board serve as chairmen of 13 special- 
ized subcommittees covering the various scientific disciplines 
and fields of activity associated with the country’s space 
science program. The Board and its committees are com- 
posed of approximately 140 leading specialists. Since its 
formation, the Board and its committees have had 23 formal 
meetings and even a larger number of informal sessions, 


NATIONAL ACTIVITIES 


Space research on osals—Immediately upon its estab- 
lishment the Board solicited proposals ts suggestions from 
the national scientific community for additional projects in 
s science research which should follow upon the accom- 
ee of the IGY satellite and rocket program. The 

oard’s committees assessed some 200 pro and provided 
recommendations concerning these projects to the NASA and 
the NSF in the fall of 1958 and early 1959. These studies 
proved especially valuable by enabling the NASA, promptly 
upon its establishment, to organize the initial program of 
pee space research which is now being conducted. 

hese activities of the Board provided for an orderly transi- 
tion from the IGY period, under direction of the Academy’s 
IGY Satellite Panel, to the post-IGY effort. 

The committees of the Board continue to function on be- 
half of the NASA as scientific disciplinary committees for 
review and formulation of the program objectives of the 
NASA national space sciences program. 

Review of space research programs.—During 1959 the 
Board held three major meetings: January 17-20 at the At- 
lantic Missile Range, Cape Canaveral, Fla.; May 7-9 at 
NASA headquarters and the Advanced Research Projects 
Agency, Washi , D.C.; and October 23-24 in Philadel- 
phia. At each of these meetings the Board has received com- 
prehensive reviews of the current and immediate future pro- 
i of research in s seience by senior officials of the 

ASA, the National Science Foundation, and ies of 
the Department of Defense. Following a pattern developed 
in 1958, when the Board met at the Army Ballistic Missile 
Agency, Huntsville, Ala., and the Air Force complex. of 
laboratories and selected contract facilities in the An- 
geles area, these visits have served to orient. Board members 
in such matters as the vehicular programs underway, the 
launching facilities available to seientists, and the complexi- 
ties involved in launching a spaceexperiment. Particularly, 
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at each of these meetings the Board has examined the current 
national programs of space research as presented by the senior 
officials of the NASA, the National Science Foundation, and 
the Department of Defense to ascertain the state of the 
research being conducted, the major problems ee solu- 
tion for optimum scientific progress, and the means whereby 
more broadly to draw upon the talents of scientists through- 
out the Nation in the conduct of this research. 

Symposia.—Jointly with the NASA and the American 
Physical Society, the Board sponsored a discussion sympo- 
sium in Washington on the exploration of space on April 
29-30, 1959. Organized in three sessions, the symposium re- 
viewed space research findings to that time and discussed the 
broad objectives of future research programs in all fields of 
space science. Attended by about 1,000 scientists from the 
whole country, the symposium provided significant stimulus 
to the scientific community by presenting recent space science 
results, by reviewing the current status of space science, and 
by exploring scientific objectives and opportunities in space 
research. Proceedings of the symposium have been pub- 
lished in the Journal of Geophysical Research, volume 64, 
11, November 1959, and will soon be available in book 

orm. 

“Science in Space”.—During 1959 the Board prepared a 
volume, “Science in Space,” which broadly examines the 
opportunities and objectives of space science for the coming 

ears. This volume, whose chapters are written by eminent 
Us. scientists in various fields, covers such subjects as the 


nature of gravitation, Lot ae measurements, and continen- 
tal distances, meteorology, physics of the earth’s upper 
atmosphere, the moon and planets, the solar system and 
galactic astronomy, a of fields and energetic particles 


in space, and space biology. Scheduled for publication in 
early 1960, the volume outlines major areas of fundamental 
scientific research toward which the national space effort 
should be directed, indicating the general objectives of a 
national space program and suggesting to scientists the 
opportunities and challenges of this vast new area of study. 
pecial problems.—Under the —— of the Space Sci- 
ence Board a number of special ad hoc study committees 
were established to consider on behalf of scientists specific 
roblems or neglected areas affecting space research. 
ong these have been the consequences of contamination 

of extraterrestrial bodies by impacting space probes and 
recommendations for a program to prevent this contamina- 
tion; the need for exclusive allocations of radio frequencies 
for use in space research (specific recommendations were 
rovided to the U.S. delegation to the 1959 International 
elecommunication Union Conference in Geneva) ; ground- 
based radar astronomy which should be conducted to provide 
backup support to the space sciences program; the photo- 
chemical aspects of space exploration; the chemical analysis 
of meteorites contributory to future space experimentation. 
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Rocket and Satellite Data Center—Established during the 
IGY, this center provides a means for international ex- 
change of scientific data resulting from rocket and satellite 
pro . Through this Academy center, announcements 
of launchings have been made available to observers 
throughout the world for tracking purposes, summary de- 
scriptions of space —— have made available, and 
two series of reports have been issued. One series deals 
with sounding rocket research results; the other with satel- 
lite and space probe findings. To date, five reports have 
been issued in the Rocket ies and nine reports in the 
Satellite Series; several additional reports in both series 
were in final steps of ——— 

oe 1959 the following rocket reports were issued: No. 
2, “Flight Summaries for the U.S. Rocketry Programs for 
the IGY,” part I, July 5, 1956, to June 30, 1958, 193 pages; 
No. 3, “Flight Summaries for the U.S. Rocketry Program for 
the IGY,” part II, May 23, 1958, to December 31, 1958, 129 
pages; No. 4, “Magnetic Exploration of the Upper Atmos- 
phere,” 86 pages; and No. 5, “Upper Air Densities and Tem- 

ture From Eight IGY Rocket Flights by the Falling- 
phere Method,” 102 _ 

At the same period the following satellite reports were 
isuued : No. 7, “Simplified Satellite Prediction From Modified 
Orbital Elements,” January 1, 1959, 54 pages; No. 8, 
“Ephemeris of Satellite 1957 Alpha 2 and Collected Reports 
on Satellite Observations,” June 15, 1959, 122 ; and 
No. 9, “Symposium on Scientific Effects of Artificially Intro- 
duced Radiations at High Altitudes,” September 15, 1959, 


goveral additional volumes in each series are in preparation 
for issuance early in 1960. 

The center has also maintained an archive of results and 
documents from other countries. The center has acquired 
some 1,000 reports and published papers. These were 
collated during the last quarter of 1959, looking forward to 
preparation and issuance of a series of reports which would 
provide orderly information on space vehicles, bibliographies, 
and résumés of papers, ord by vehicles and principal 
subject areas. 

INTERNATIONAL ACTIVITIES 


Committee on Space Research.—In accord with the Na- 
tional Academy of | Sciences adherence to the International 
Council of Scientific Unions (ICSU), the S Science 
Board provides U.S. representation to the ICSU Committee 
on Space Research (Cospar). Cospar, organized in October 
1958, affords the means = international scientific collabora- 
tion in space science. Dr. R, W. Porter, chairman of the 
Board’s Committee on International Relations, is the U.S. 
representative to Cospar. Cospar represents a most effective 
means for international consideration among scientists of the 
broad objectives of space research, affords an effective forum 
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for international discussion of these topics, and promotes 
international collaboration in operational space research 


pro: j 

The NASA has made use of the Academy’s Board and 
Cospar as effective channels for international participation in 
the os. space science — For example, the March 
1959 meeting of Cospar afforded the opportunity for the 
NASA, through the U.S. Cospar representative, to extend 
to international science an invitation to participate in its 
program ; through this channel NASA has offered to fly 
experiments developed in other countries and to launch on 
behalf of Cospar an internationally instrumented satellite. 
The NASA offer to Cospar has already contributed to in- 
creased interest by scientists of several countries in conduct- 
Ing space experiments. 

Cospar Rocket Week.—On behalf of Cospar the Board and 
its staff developed the U.S. contribution to an internationally 
coordinated program of rocket soundings of the upper atmos- 
phere for scientific purposes, November 16-22, 1959. The 
U.S. program included 10 rockets launched by 3 scientific 
institutions in thiscountry. The Board has also participated 
in development of plans for a Cospar Rocket Week in 1960, 
and it is anticipated: that this program will become an annual 
event. 

First International Space Science Symposium.—tin con- 
nection with plans for the Cospar First Annual International 
Space Science Symposium, the Board and its staff have de- 
veloped the U.S. scientific contributions. This symposium, 
directed toward a review of space science achievements to 
date and an examination into immediate future ibilities 
in this field, promises to be a most significant and important 
scientific event. Scheduled to be held at Nice, France, Jan- 
uary 11-15, 1960, the Cospar symposium will include approxi- 
mately 100 papers contributed by scientists from many 
nations, with international participation numbering perhaps 
400 individuals. The present U.S. contribution involves 
some 40 or more scientific papers of outstanding merit and 
an Academy delegation from the United States of approxi- 
mately 75 scientists. 

United Nations.—The Board and its staff have cooperated 
with the NASA and the U.N. Secretariat in providing in- 
formation and advice on space science activities during the 
IGY and thereafter. Upon request of the U.S. delegation 
to the U.N. Ad Hoc Committee on Peaceful Uses of Outer 
Space, a member of the Board was made available to assist 
the delegation by providing scientific advice and assistance 
during the Committee’s deliberations. 


SPACE SCIENCE BOARD DIRECTORY, JANUARY 1, 1960 


Dr. Lloyd V. Berkner, Chairman; president, Associated Univer- 
sities, Inc. 

Dr. Harrison S. Brown, Division of Geological Sciences, California 
Institute of Technology. 
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Dr. Leo Goldberg, Department of Astronomy, University of Mich- 


igan. 

Dr. Keffer Hartline, Rockefeller Institute. ; 

Dr. Donald F. Hornig, Department of Chemistry, Princeton Uni- 
versity. 

Dr. William W. Kellogg, RAND a. sup 

Dr. Joshua Lederberg, School of Medicine, Stanford University. 

Dr. Richard W. Porter, General Electric Co. 

Dr. Bruno B. Rossi, Department of Physics, Massachusetts Institute 
of Technology. : 

Alan H. Shapley, Central Radio Propagation Laboratory, National 
Bureau of Standards. 

Dr. John A. Simpson, Enrico Fermi Institute for Nuclear Studies, 
University of Chicago. 

Dr. S. S. Stevens, Psycho-Acoustic Laboratories, Harvard University. 

Dr. Harold C. Urey, University of California. 

Dr. James A. Van Allen, head, Department of Physics, State Uni- 
versity of Iowa. 

Dr. O. G. Villard, Jr., Department of Engineering, Stanford Uni- 
versity. 

Dr. Hare Wexler, U.S. Weather Bureau. 

Dr. George P. Woollard, professor of geology, University of Wis- 
consin. 

Invited participants: 

George P. Sutton, Chief Scientist, Advanced Research Projects 
Agency. 

Dr. ah L. Dryden, Deputy Administrator, National Aero- 
nautics and Space Administration. 

Dr. T. Keith Glennan, Administrator, National Aeronautics and 
Space Administration. 

Dr. Richard H. Bolt, Associate Director (Research), National 
Science Foundation. 

Dr. Randall Robertson, Assistant Director for Mathematical, 
Physical and Engineering Sciences, National Science Founda- 
tion. 

Jesse L., Mitchell, President’s Science Advisory Committee. 

Dr. Alan T. Waterman, Director, National Science Foundation. 

Secretariat : 

Dr. Hugh Odishaw, Executive Director. 

R. C. Peavey, secretary. 

George A. Derbyshire. 

Dr. Edward R. Dyer. 

J. P. T. Pearman. 

Stanley Ruttenberg. 


Committee 11, Psychological and Biological Research 


Membership : 


Dr. H. Keffer Hartline, chairman; Rockefeller Institute. 

Dr. S. 8. Stevens, vice chairman; Psychological Laboratories, 
Harvard University. 

Dr. Howard J. Curtis, Department of Biology, Brookhaven 
National Laboratories. 
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Laboratories. 


Dr. L. E. Farr, Department of Medicine, Brookhaven National 


Dr. Thomas Francis, Department of Epidemiology, University 


of Michigan. 


Dr. Joshua Lederberg, Department of Genetics, Stanford 


University. 

Dr. E. F. MacNichol, Department of Biophysics, Johns Hopkins 
University. 

Dr. Otto a Schmitt, Department of Biophysics, University of 
Minnesota. 


Dr. Edward L. Tatum, Department of Biochemical Genetics, 


Rockefeller Institute. 


Liaison representatives : 
Dr. Clark Randt, Director, Office of Life Science Programs, 












National Aeronautics and Space Administration. 


Dr, John T. Wilson, Assistant Director for Biological and Medi- 


cal Sciences, National Science Foundation. 


B. ARMED FORCES—-NATIONAL RESEARCH COUNCIL COMMITTEE ON 
BIO-ASTRONAUTICS 


Acapemy-ResgearcH Counci, ArMEp Forces Jorn in Srupy 
oF BrotocicaL Errectrs or Space Fiientr 


[Press release of Feb. 9, 1959, from the National Academy of 
Sciences-National Research Council] 


Wasuineton, February 8.—The National Academy of 
Sciences-National Research Council announced today the 
organization of the Armed Forces-National Research Coun- 
cil Committee on Bio-Astronautics. The Committee will ad- 
vise the Armed Forces, upon their request, in any matter 
concerning the biological or medical aspects of space explora- 
tion. 

Policy decisions and the programing of activities within 
the Committee will be the responsibility of an Executive 
Council. The following scientists—representing different 
fields of endeavor in universities, private research organiza- 
tions, and the Armed Forces—have been appointed to the 
Executive Council by Dr. Detlev W. Bronk, President of the 
Academy-Research Council : Chairman, Dr. Otto H. Schmitt, 
Department of Physics, University of Minnesota; Vice 
Chairman, Dr. Melvin Calvin, Department of Chemistry, 
University of California, Berkeley; Dr. Howard J. Curtis, 
Department of Biology, Brookhaven National Laboratory; 
Dr. Paul M. Fitts, Department of Psychology, University of 
Michigan; Bri Gen. Don D. Flickinger, Directorate of Life 
Sciences, Air Siconh and Development Command; Dr. 
John D. French, Department of Anatomy, University of 
California Medica] Center, Los Angeles; Capt. Charles F. 
Gell, Office of Naval Research; Dr. James D. Hardy, U.S. 
Naval Air Development Center, Johnsville, Pa.; and Col. 
Robert H. Holmes, Research and Development Command, 
Office of the Surgeon General, Department of the Army. 
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The full Committee on Bio-Astronautics—which will con- 
sist of more than 100 members, of whom at least half will be 
nominees of the Armed Forces—will serve as a conference or 
forum of active investigators, meeting periodically to review 
scientific and technical problems, cuntnin e information, and 
establish liaison between investigators with allied interests. 

Administrative responsibility for the Committee has been 
vested within the Academy-Research Council’s Division of 
Medical Sciences, whose chairman is Dr. R. Keith Cannan. 
Acting executive secretary to the Committee is Dr. Sam 
F, Seeley; previous to his retirement after 31 years of Army 
service, Dr. Seeley had been Chief of the Professional Di- 
vision in the Office of the Surgeon General. Both Dr. Can- 
nan and Dr. Seeley participate in Executive Council meet- 
ings as ex-officio members. The third ex-officio member is 

aj. Kay Cutler, Air Research and Development Command. 
Assigned to serve as assistant executive secretary has been 
Lt. Col. Clarence Cain, USAF, formerly Chief of the Bio- 
Medical Division, Directorate of Life Sciences, Air Research, 
and Development Command. 

At a recent organization meeting, the Executive Council 
agreed to the following goals: 

1, Acquainting scientific investigators with the military 
requirements for establishing space as an operational me- 
dium for man. 

2. Considering and reporting upon military problems re- 
lated to manned space operations. 

8. Assisting in providing scientists and military person- 
nel with access to scientific and technical information per- 
taining to the bioastronautical problems of life in space. 

4. Promoting the exchange of research information on 
bioastronautical problems through such media as meetings, 
symposia, and forums. 

5. Stimulating research on all problems of life in space 
where deficiencies of ae warrant special effort. 

6. Furthering the science of bioastronautics by encourag- 
ing the contributions of the many related fields of science, 

7, Providing specific answers to specific problems posed 
by the Armed Forces. 

The Committee will concern itself with any field of science 
or of technology that it finds necessary in pursuit of its objec- 
tives, including pertinent aspects of astronautics, biology, 
chemistry, medicine, physiology, psychology, and related in- 
terdisciplinary sciences. Specific examples are: 

1. Closed-system environments. 

2. Stress. 

8. Crew selection, motivation, surveillance and control, 
including group dynamics. 

4. Ground support facilities. 

5. Weightlessness—physiological and psychological 


6. Metabolic requirements, including nutrition, water 
balance, electrolyte balance, etc. 
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. Cosmic and other forms of radiation. 

. Isolation and confinement. 

. Displays, controls, and communication. 

. Acceleration, deceleration, and vibration. 
. Escape and survival. 

. Orientation. 

. Man-machine-systems problems. 

The Armed Forces—N RC Committee on Bio-Astronauties, 
supported under the terms of a contract between the Air 
Foree and the National Academy of Sciences, bears close 
resemblance in structure to similar Armed Forces-NRC Com- 
mittees on Vision and Bio-Acoustics, both of which have been 
functioning for several years under the Academy-Research 
Council Division of Anthropology and Psychology. 

The National Academy of Sciences-National Research 
Council is a private, nonprofit organization of distinguished 
scientists dedicated to the furtherance of science and its use 
for the general welfare. Although it is not a governmental 
organization, the Academy-Research Council long en- 
joyed a close association with many Government agencies; its 
congressional charter, signed in 1863 by President Abraham 
Lincoln, calls upon the Academy to advise the Government, 
upon request, in all matters of scientific and technical interest. 

* * * * * 


STATEMENTS OF PANEL MISSIONS 


1. Panel on Information—The Panel on Information is respon- 
sible for keeping informed of the activities of each of the 10 panels 
and of the Executive Council. Each panel is assigned the task of 
listing those scientific fields for which it assumes responsibility. An 
analysis of such information provides the Panel on Information 
with scientific areas of concern to the entire committee, thus defin- 
ing those areas of pruneey interest and indicating fringe areas re- 


quiring informational exchange. Its goal is to make available all 
possible information, to be alert to the necessity of avoiding dupli- 
cation, and to discover and clarify, or prevent, conflict of views or 
opinions. 

2. Panel on Extraterrestrial Life—The purpose of this panel is 
to explore the possibilities for finding a definitive answer to the ques- 
tion of whether there is life anywhere besides on earth. The tech- 
nological capability of traveling away from the earth’s surface makes 
this a reasonable possibility. The actual steps to be taken are to be 
decided by the panel. 

3. Panel on Closed Ecological Systems.—The primary mission of 
this panel shall be to help determine what basic information is avail- 
able and needed to permit the design, construction, and maintenance 
of a closed ecological system containing one or more humans. 

4. Panel on Bioinstrumentation—The Panel on Bioinstrumenta- 
tion will concern itself not only with the problems of instrumentation 
incidental to space exploration and its supportive research but will 
also consider within its province those parts of biological pheno- 
menology and analytical technical processes having to do with in- 
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formational transmission and conveying, data reduction and process- 
ing, and control systems. 

5. Panel on Acceleration Stress—This panel is concerned with re- 
search and development problems in the physiological and psycho- 
logical effects of, and tolerance and performance under, acceleration 
stresses. 

6. Panel on Biological Orientation and Navigation.—The mission 
of the biological orientation panel includes: (a) an examination of 
various organisms—aerial, terrestrial, and aquatic—which exhibit 
unique abilities of direction finding, as well as time sense, translated 
into terms relevant to the field of bioastronautics; and (6) a resolu- 
tion of the controversies that have arisen within the last decade re- 
garding the mechanisms by means of which organisms are able to 
carry out these functions. 

7. Panel on Psychology—tThis panel will be concerned with the 
behavior and performance of human beings in space flights, as well 
as of the animals which will precede man into space, including those 
laboratory and simulated space experiments which make contribu- 
tions to astronauts, as well as the collection of data from true space 
flight missions. 

8. Panel on Radiation Biology.—The functions of this panel are 
to collect and evaluate all information concerning the radiation haz- 
ard in satellite and interplanetary travel; to explore radiation areas 
needing further laboratory research; and to recommend radiation 
experiments to be undertaken in satellites. 

9. Panel on Bioengineering of Protective Systems.—The mission of 
the Panel on Bioengineering of Protective Systems of man in space 
flight is to outline the specific areas of requirement for protective 
systems for man in space flight both in the matter of individual biologic 
stressor or combined stressor mechanisms; to review and scrutinize 
the programs and effort of the military and their contractors engaged 
in the science of space flight insofar as the bioengineering of pro- 
tective systems for man are concerned for the purpose of endorsing 
or constructively criticizing their overall concepts, extant programs 
and future planning; to function as a consulting panel of experts; 
and to make pertinent information in these areas known to appro- 
priate agencies. 

Executive Council 


Schmitt, Dr. Otto H., Chairman; Biophysics Group, University of 
Minnesota. 

Calvin, Dr. Melvin, Vice Chairman; Department of Chemistry, Uni- 
versity of California. 

Curtis, Dr. Howard J., Department of Biology, Brookhaven National 
Laboratory. 

Fitts, Dr. Paul M., Department of Psychology, University of 
Michigan. 

Flickinger, Brig. Gen. D. D., MC, Air Research and Development 
Command, Andrews Air Force Base. 

French, Dr. John D., Medical Center, University of California. 

Gell, Capt. Charles F., MC, Office of Naval Research, Department of 
the Navy. 
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Hardy, Dr. James D., Aviation Medicine Acceleration Laboratory, 
Naval Air Development Center. 
Taylor, Lt. Col. Richard R., MC, Army Medical Research and Devel- 
opment Command. 
Alternate military members: 
Holmes, Col. Robert H., MC, Armed Forces Institute of Pathol- 
ogy, Walter Reed Army Medical Center. 
Houghton, Col. Karl H., MC, Office of Air Force Surgeon General. 
Phoebus, Capt. C. P., MC, Bureau of Medicine and Surgery, 
Department of the Navy. 
Ex officio members: ; 
Cannan, Dr. R. Keith, Division of Medical Sciences, National 
Academy of Sciences-National Research Council. 
Cutler, Maj. Kay, MC, Biomedical Division, Air Research and 
Development Chaktnennid, Andrews Air Force Base. 
Seeley, Dr. Sam F., Executive Secretary, Division of Medical 


Sciences, National Academy of Sciences-National Research 
Council. 


Liaison Representatives to the Executive Council 


Campbell, Dr. Frank L., Division of Biology and Agriculture, 
National Academy of Sciences-National Research Council. 

Fenn, Dr. Wallace O., School of Medicine and Dentistry, University 
of Rochester. 

Finch, Dr, Glen, Division of Anthropology and Psychology, National 
Academy of Sciences-National Research Council. 

Livingston, Dr. Robert B., National Institute of Neurological Diseases 
and Blindness, National Institutes of Health. 

Lovelace, Dr. W. Randolph, II, Chairman, NASA Life Sciences 
Committee. 

Wilson, Dr, John T., Assistant Director for Biological and Medical 
Sciences, National Science Foundation. 

Zelle, Dr. Max R., Division of Biology and Medicine, Atomic Energy 


Commission. 
Panel on Information (Panel 1) 


Byerly, Dr. T. C., Chairman; Agricultural Research Service, Depart- 
ment of Agriculture. 


Pope, S. Edward, Vice Chairman; Armed Servie.s Technical Infor- 
mation Agency. 

po ag Dr. Robert S., Botany Department, Michigan State 

ollege. 

ertalan: Frank., Office of Naval Research, Department of the Navy. 

Bialecki, Adolph, Electric Boat Division, General Dynamics Corp. 

Flickinger, Brig. Gen. D. D., MC, Air Research and Development 
Command, Andrews Air Force Base. 

Goldsen, Joseph, The RAND Corp. 

Gray, Dr. Dwight E., Office of Science Information Service, National 
Science Foundation. 

Heim, Dr. J. W., Aerospace Medical Laboratory, Wright-Patterson 
Air Force Base. 

Jacobius, Dr. Arnold J., Library of Congress. 









N Mm es 


SPACE RESEARCH IN THE LIFE SCIENCES 211 


Kennard, Dr. William J., Aerospace Medical Association. 

Lee, Dr. Milton O., Federation of American Societies for Experi- 
mental Biology. 

Singleton, Dr. W. Ralph, Department of Biology, University of 
Virginia. 

Zwemer, Dr. Raymund L., Assistant Science Adviser, Department of 
State. 


Liaison Representatives to the Panel on Information 


Brodman, Dr. Estelle, National Library of Medicine, Department of 
Health, Education, and Welfare. 

Phillips, Maj. Gen. James F. (retired), Aerospace Industries Associa- 
tion. 

Shilling, Dr. C. W., Division of Biology and Medicine, U.S. Atomic 
Energy Commission. 

Specht, Dr. Heinz, National Institute of Arthritis and Metabolic 
Diseases, National Institute of Health. 

Voris, Dr. LeRoy, Food and Nutrition Board, National Academy 
of Sciences—National Research Council. 


Panel on Extra-Terrestrial Life (Panel 2) 


Calvin, Dr. Melvin, chairman; Department of Chemistry, University 
of California. 

Vishniac, Dr. Wolf, vice chairman; Department of Biology, Brook- 
haven National Laboratory. 

Davies, Richard W., Jet Propulsion Laboratory, California Institute 
of Technology. 

Hutchinson, Dr. George E., Department of Zoology, Yale University. 

Linschitz, Dr. Henry, Department of Chemistry, Brandeis University. 

Lord, Dr. Richard C., Department of Chemistry, Massachusetts Insti- 
tute of Technology. 

Meselson, Dr. Matthew, Gates and Crellin Laboratories, California 
Institute of Technology. 

Ross, Malcolm D., Office of Naval Research, Department of the Navy. 

Sagan, Carl E., Yerkes Observatory, University of Chicago. 

or Dr. Harold, Radio Astronomy Laboratory, University of 

alifornia. 


Panel on Closed Ecological Systems (Panel 3) 


Gotaas, Dr. Harold B., chairman; Dean, Technological Institute, 
Northwestern University. 

Lambertsen, Dr. Christian J., vice chairman; School of Medicine, 
University of Pennsylvania. 

Berner, Dr. Fred W., Aerospace Medical Laboratory, Wright-Patter- 
son Air Force Base. 

Bialecki, Adolph, Electric Boat. Division, General Dynamics Corp. 

Brown, Dr. Allan H., Department of Botany, University of Minne- 
sota. 

Chinn, Dr. Herman I., Biological Sciences Division, Air Force Office 
of Scientific Research. 
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Hays, Edward L., Research and Development Division, Naval Air 
Material Center. 

Henschel, Dr. Austin F., Environmental Protection Research Divi- 
sion, Army Quartermaster Research and Engineering Command. 

Hursh, Col. L. M., MC, Army Medical Research and Development 
Command. 

Jones, Capt. Walton L., Jr., MC, Bureau of Aeronautics, Department 
of the Navy. 

Myers, Dr. Jack E., Department of Zoology, University of Texas. 

Pipes, Dr. Wesley O., Department of Civil Engineering, Northwestern 
University. 

sg Dr. Karl E., Naval Medical Laboratory, New London, 

onn. 

Syner, Maj. James C., MC, Fitzsimons Army General Hospital. 

White, Lt. Col. Stanley, MC, Langley Research Center, National 
Aeronautics and Space Administration. 


Yaglou, Prof. C. P., School of Public Health, Harvard University. 


















































Panel on Bio-Instrumentation (Panel 4) 





Schmitt, Dr. Otto H., Chairman; Biophysics Group, University of 
Minnesota. 

Adey, Dr. Wm. R., Vice Chairman; Department of Anatomy, Univer- 
sity of California at Los Angeles. 

Clamann, Dr. Hans, School of Aviation Medicine, Brooks Air Force 
Base, 

Cumming, Lawrence G., the Institute of Radio Engineers, Inc. 

Kellogg, Dr. William W., the Rand Corp. 

MacNichol, Dr. Edward F., Jr., Department of Biophysics, Johns 
Hopkins University. 

Madsen, R. Glen, Convair-Astronautics Division, General Dynamics 
Corp. 

Verte Dr. John P., Aeromedical and Physical Environment 
Laboratory, University of Illinois. 

McLennan, Miles A. Aerospace Medical Laboratory, Wright-Patter- 
son Air Force Base. é 

Rosenblith, Dr. Walter, Department of Electrical Engineering, Mas- 
sachusetts Institute of Technology. 

Talbot, Dr. Samuel A., Johns Hopkins University Hospital. 

Trank, Dr. John W., Medical School, University of Minnesota. 

Wilbarger, Capt. E. S., Jr.. MSC, Nuclear ower Division, Army 
Corps of Engineers. 





























Panel on Acceleration Stress (Panel 5) 


Hardy, Dr. James D., Chairman; Aviation Medicine Acceleration 
Laboratory, Naval Air Development Center. 

Clark, Dr. Carl C., Vice Chairman; Aviation Medicine Acceleration 
Laboratory, Naval Air Development Center. 

Bates, George P., National Aeronautics and Space Administration. 


Cappel, Klaus L., Laboratories for Research and Development, the 
Franklin Institute. 
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Galambos, Dr. Robert, Walter Reed Army Institute of Research, Wal- 
ter Reed Army Medical Center. 

Gerathewohl, Dr. Siegfried J., Medical Research Unit, Army Ord- 
nance Missile Command. 

Goldman, Comdr., David E., MSC, Naval Medical Research Institute. 

Graybiel, Capt. Ashton N., MC, Naval School of Aviation Medicine. 

Guedry, Dr. Frederick E., Psychology Division, Army Medical Re- 
search Laboratory. 

Hessberg, Lt. Col. Rufus, Aeromedical Field Laboratory, Air Force 
Missile Development Center. 

Hiatt, Dr. Edwin P., Aerospace Medical Laboratory, Wright-Patter- 
son Air Force Base. 

Meehan, Dr. John P., School of Medicine, University of Southern 
California. 

von Gierke, Dr. Hennig, Aerospace Medical Laboratory, Wright-Pat- 
terson Air Force Base. 

Wood, Dr. Earl] H., Mayo Clinic. 


Panel on Biological Orientation and Navigation (Panel 6) 


Galler, Dr. Sidney R., Chairman; Office of Naval Research, Depart- 
ment of the Navy. 

Bullock, Dr. Theodore H., Department of Zoology, University of 
California. 

Griffin, Dr. Donald R., Biological Laboratories, Harvard University. 

Harlow, Dr. Harry F., Department of Psychology, University of 
Wisconsin. 

Pittendrigh, Dr. Colin S., Department of Biology, Princeton Uni- 
versity. 

Ross, Dr. Sherman, American Psychological Association. 


Panel on Psychology (Panel 7) 


Grether, Dr. Walter F., Chairman; Aerospace Medical Laboratory, 
Wright-Patterson Air Force Base. 

Eckstrand, Dr. Gordon A., Vice Chairman; Aerospace Medical Lab- 
oratory, Wright-Patterson Air Force Base. 

Bevan, Dr. William, Department of Psychology, Kansas State Uni- 
versity. 

Brown, Dr. John L., School of Medicine, University of Pennsylvania. 

Carp, Dr. Abraham, Personnel Laboratory, Lackland Air Force Base. 

Fitts, Dr. Paul M., Department of Psychology, University of Michi- 
gan. 

— Dr. George T., School of Aviation Medicine, Brooks Air Force 

ase, 


_ Dr. John C., Communication Research Institute, St. Thomas, 


Rioch, Dr. David McK., Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center. 


Ruff, Dr. aces E., University Hospital, Philadelphia, Pa. 
V 


Senders, John W., Honeywell, Minneapolis, Minn. 


— Dr. Richard, Office of Naval Research, Department of the 
avy. 
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Panel on Radiation Biology (Panel 8) 





Curtis, Dr. Howard J., Chairman; Department of Biology, Brook- 
haven National Laboratory. 

Haymaker, Dr. Webb E., Armed Forces Institute of Pathology, Wal- 
ter Reed Army Medical Center. 

Pickering, Col. John E. (MC), School of Aviation Medicine, Brooks 
Air Force Base. 

Schaefer, Dr. Herman J., Radiation Biophysics, Naval School of 
Aviation Medicine. 

Tobias, Dr. Cornelius A., Donner Laboratory, University of Cali- 
fornia. 

Yagoda, Dr. Herman, Geophysics Research Directorate, Air Force 
Cambr idge Re search Center. 

Zelle, Dr. Max, Biology Division of Biology and Medicine, Atomic 

Energy Commission. 














Panel on Bioengineering of Protective Systems (Panel 9) 


Gell, Capt. C. F. (MC), Chairman; Office of Naval Research, Depart- 
ment of the Navy. 

Mayo, Alfred M., Vice Chairman; Douglas Aircraft Co., Inc. 

Bollerud, Col. Jack (MC), Air Research and Development Command, 
Andrews Air Force Base. 

Bosee, Capt. Roland A., MSC, Air Crew Equipment Laboratory, 

Naval Air Material Center: 

Clark, David, David Clark Co., Inc. 

Holmes, Col. Robert. H. ( MC), Armed Forces Institute of Pathology, 
Walter Reed Army Medical Center. 

Johnston, Richard S., Jr., Life Systems Branch, NASA Langley Re 
search Center. 

Jones, Capt. Walton L., Jr. (MC), Bureau of Aeronautics, Depart- 
ment of the Navy. 

Lowry, Dr. Romney H., Space Medicine Branch, Boeing Airplane Co. 

Lund, Dr. Max W., Office of Naval Research, Department of the Navy. 

Martin, Ernest E., Aerospace Medical Laboratory, Wright-Patterson 

Air Force Base. 

Stapp, Col. John P. (MC), Chief, Aerospace Medical Laboratory, 

Wright-Patterson Air Force Base. 



















2. NATIONAL ScrenNcE FouNDATION 


In the President’s second annual report to the Congress on U.S. 
Aeronautics and Space Activities, covering the calendar year 1959, 
the role of the National Science Foundation in space activities was 
described as follows : 


One of the principal objectives of the National Science 
Foundation (NSF) is to support basic research of a pioneer- 
ing nature in all areas of science. In the main, this is done 
through grants to nonprofit institutions for the support of 
research projects proposed by staff scientists of the institu- 
tions involved. A few special grants and contracts have been 
let for the development of special instrumentation or facili- 
ties which are deemed particularly important for the ad- 
vancement of research in particular fields. A substantial 
part of these efforts is devoted to the support of scientific 
investigations that seek an understanding of the fundamen- 
tal laws of the physical universe. 


Basie science programs related to space 


NSF encourages work in underemphasized but important 
areas.—In the areas of space science, NSF activity consists 
primarily in supporting basic research which contributes to 
an understanding of the physical and biological processes 
occurring in the space environment. An effort is made by 
NSF to give particular encouragement to needs of the funda- 
mental sciences for scientific observations and experiments 
which ean only be met by use of space vehicles such as satel- 
lites, space probes, high altitude rockets, ete. In specific 
cases, the Foundation provides support to study the character 
and feasibility of experimental equipment suitable for re- 
search in outer space, recognizing that research for space 
exploration as such, and provision of vehicles and their sched- 
uling are essentially an NASA responsibility. 

The more basic a research result, the wider is the area of its 
potential application. For this reason, it is difficult to set 
down exact criteria for determining whether a particular 
project has “close” relation to space science. The problem is 
most apparent in the case of physics research projects, where 
it is difficult to think of an area of investigation which does 
not have some application to space science or technolog 
(consider, for example, mechanics, nuclear physics, fluid ay. 


namics, plasma em low temperature research, and solid 


state research). Similarly, in the biological and medical 
sciences programs, difficulties are presented in determining a 
“close” relationship with a science. The Foundation, 
however, supports a very substantial program of research in 
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the biological and medical sciences, much of which will find 
important application and use in space science. 
* % BS BS * 

The National Science Foundation was established as an independent 
agency in the executive branch by the National Science Foundation 
Act of 1950. Subsequent revisions to the Foundation’s original 
charter have been made by Presidential Executive orders and legis- 
lation, The pertinent portions of the National Science Foundation 
Act are included here, followed by references to the major changes 
that have taken place in the Foundation’s evolving scientific role. 

























FUNCTIONS OF THE FOUNDATION 





Sec. 3. (a) The Foundation is authorized and directed— 

(1) to develop and encourage the pursuit of a national 

policy for the promotion of basic research and education 
in the sciences; 

(2) to initiate and support basic scientific research 
in the mathematical, physic al, medical, biological, en- 
gineering, and other se iences, by making contracts or 
other arrangements (including grants, loans, and other 
forms of assistance) for the conduct of such basic scien- 
tific research and to appraise the impact of research 
upon industrial development and upon the general 
welfare ; 

(3) at the request of the Secretary of Defense, to ini- 
tiate and support specific scientific research activities in 
connection with matters relating to the national defense 
by making contracts or other arranagements (including 
grants, loans, and other forms of assistance) for the 
conduct of such scientific research ; 

(4) to award, as provided in section 10, scholarships 
and graduate fellowships in the mathematical, physical, 
medical, biological, engineering, and other sciences; 

(5) to foster the interchange of scientific information 
among scientists in the United States and foreign 
countries ; 

(6) to evaluate scientific research programs under- 
taken by agencies of the Federal Government, and to cor- 
relate the Foundation’s scientific research programs with 
those undertaken by individuals and by public and pri- 
vate research groups; 

(7) to establish such special commissions as the Board 
may from time to time deem necessary for the purposes 
of this Act; and 

(8) to maintain a register of scientific and technical 
personnel and in other ways provide a central clearing- 
house for information covering all scientific and techni- 
‘al personnel in the United States, including its Terri- 
tories and possessions, 

(b) In exercising the authority and discharging the func- 
tions referred to in Y subsection (2) of this section, it shall be 
one of the objectives of the Foundation to strengthen basic 
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research and education in the sciences, including independent 
research by individuals, throughout the United States, in- 
cluding its Territories and possessions, and to avoid undue 
concentration of such research and education. 

ok * ES * * 


[Press release, Mar. 17, 1954] 


Tue Wuire Hovse. 


The President today issued an Executive Order designed 
to strengthen the conduct and administration of the scientific 
research and development programs of the various depart- 
ments and agencies of the Federal Government. 

The order directs the National Science Foundation to make 
studies of the scientific activities of the Nation and to recom- 
mend to the President policies to strengthen the research 
effort and define the Federal Government’s role in it. The 
Foundation, over a period of time, is expected to become 
increasingly responsible for providing Federal support for 
basic research carried on in universities and other nonprofit 
institutions. Other Federal agencies, however, will continue 
to carry on basic research which is closely related to their 
statutory missions. 

The Foundation will also study the effects of Federal re- 
search support on the Nation’s educational institutions and 
recommend policies and procedures to promote the attain- 
ment of the Federal research objectives while safeguarding 
the strength and independence of the educational institutions. 

The order also directs the head of each agency engaged in 
research to make sure that such research programs reflect 
urgent needs and are carried on economically and with regard 
to the efficient use of scientific manpower. In this connection 
the order provides a new method to facilitate the exchange 
of scientific equipment and facilities among the Federal agen- 
cies so as to avoid buying new equipment or building new 
facilities when another agency has unused equipment or fa- 
cilities available. 

In connection with his approval of the order, the President 
made the following statement : 

“Science has a vital role in our Nation’s security and 
growth. During the past half-century, it has brought about a 
vast transformation in industry, in agriculture, in medicine, 
in transportation, and in communications. Military science 
has been revolutionized by technological development. The 
—- of science is increasingly felt in every field of public 
policy including foreign affairs. All this has been brought 
about through a combination of vision, initiative, business 
enterprise, a strong educational system, and the dedicated 
enthusiasm of the scientific community. 

“The responsibilities of the Federal Government toward 
science have likewise changed greatly. In 1940, the Federal 
Government spent about one hundred million dollars in sup- 
porting research and development. The budget which I have 
just transmitted to the Congress calls for expenditures for 
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these purposes in the next fiscal year of over two billion 
dollars. This is convincing evidence of the important role 
of science and technology in our national affairs. 

“This rapid expansion of Federal responsibility requires 
prudent administration. More than half of all the invest- 
ment in the Nation today for scientific research and develop- 
ment is being made by the Federal Government. In large 
measure, these Federal funds are paid to industry and educa- 
tional institutions for the conduct of research and develop- 
ment projects. Thus our Federal policies and practices 
regarding research and development are felt immediately 
and substantially by industry and our educational institu- 
tions. 

“More than ninety percent of this Federal support is pres- 
ently going into applied research and development. This 
is the practical application of basic knowledge to a variety of 
products and devices. However, only a small fraction of the 
Federal funds is being used to stimulate and support the vital 
basic research which makes possible our practical scientific 
progress. I believe strongly that this Nation must extend its 
support of research in basic science. 

“While the Executive Order which I have signed today 
calls upon the National Science Foundation to carry out im- - 
portant responsibilities in regard to scientific research, it is 
also designed to strengthen the conduct and support of vital 
research and development in the several agencies where 
science is important im achieving their assigned missions. 

“This order will, for the first time, set in motion important 
steps leading to a thorough and continuing review of the 
status of the Federal Government’s activities in science, and 
thus enable the Government, together with industry, higher 
education, and the scientific community to move forward with 
assurance toward the achievement of the Nation’s goals. 

“TI expect and believe that this order will clarify the posi- 
tion of the Government toward the support and advancement 
of science in the Nation, and that it will contribute in a con- 
structive sense to the development of our national policy in 
this important and critical area.” 


ADMINISTRATION OF ScCreENTIFIC RESEARCH BY AGENCIES OF THE 
FEDERAL GOVERNMENT 


[Executive Order 10521, March 17, 1954, as amended by Executive Order 10807, 
March 13, 1959] 


Whereas the security and welfare of the United States de- 
pend increasingly upon the advancement of knowledge in the 
sciences ; and 

Whereas useful applications of science to defense, humani- 
tarian, and other purposes in the Nation require a strong 
foundation in basic scientific knowledge and trained scien- 
tific manpower ; and 
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Whereas the administration of Federal scientific research 
programs affecting institutions of learning must be consistent 
with the preservation of the strength, vitality, and independ- 
ence of higher education in the United States; and 

Whereas, in order to conserve fiscal and manpower re- 
sources, it is necessary that Federal scientific research pro- 
grams be administered with all practicable efficiency and 
economy ; and 

Whereas the National Science Foundation has been estab- 
lished by law for the purpose, among others, of developing 
and encouraging the pursuit of an appropriate and effective 
national policy for the promotion of basic research and educa- 
tion in the sciences: 

Now, therefore, by virtue of the authority vested in me as 
President of the United States, it is hereby ordered as follows: 

Section 1. The National Science Foundation (hereinafter 
referred to as the Foundation) shall from time to time recom- 
mend to the President policies for the promotion and support 
of basic research and education in the sciences, including 
policies with respect to furnishing guidance toward defining 
the responsibilities of the Federal Government in the conduct 
and support of basic scientific research. 

Sec. 2. The Foundation shall continue to make comprehen- 
sive studies and recommendations regarding the Nation’s 
scientific research effort and its resources for scientific activi- 
ties, including facilities and scientific personnel and its fore- 
seeable scientific needs, with particular attention to the extent 
of the Federal Government’s activities and the resulting ef- 
fects upon trained scientific personnel. In making such 
studies, the Foundation shall make full use of existing sources 
of information and research facilities within the Federal 
Government. 

Sec. 3. The Foundation, in concert with each Federal agen- 
cy concerned, shall review the basic scientific research pro- 
grams and activities of the Federal Government in order, 
among other purposes, to formulate methods for strengthen- 
ing the administration of such programs and activities by the 
responsible agencies, and to study areas of basic research 
where gaps or undesirable overlapping of support may exist, 
and shall recommend to the heads of agencies concerning the 
support given to basic research. 

Sec. 4. As now or hereafter authorized or permitted by law, 
the Foundation shall be increasingly responsible for provid- 
ing support by the Federal Government for general-pu 

asic research through contracts and grants. The conduct 
and support by other Federal agencies of basic research in 
areas which are closely related to their missions is recognized 
as Important and desirable, especially in response to current 
national needs, and shall continue. 
_ Sec. 5. The Foundation, in consultation with educational 
institutions, the heads of Federal agencies, and the Commis- 
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sioner of Education of the Department of Health, Education, 
and Welfare, shall study the effects upon educational institu- 
tions of Federal policies and administration of contracts and 
grants for scientific research and development, and shall rec- 
orammend policies and procedures which will promote the at- 
tainment of general national research objectives and realiza- 
tion of the research needs of Federal agencies while safe- 
guarding the strength and independence of the Nation’s insti- 
tutions of learning. 

Sec. 6. The head of each Federal agency engaged in scien- 
tific research shall make certain that effective executive, 
organizational, and fiscal practices exist to ensure (a) that 
the Foundation is consulted on policies concerning the sup- 
port of basic research, (b) that approved scientific research 
programs conducted by the agency are reviewed continuously 
in order to preserve priorities in research efforts and to adjust 
programs to meet changing conditions without imposing 
unnecessary added burdens on budgetary and other resources, 
(c) that applied research and development shall be under- 
taken with sufficient consideration of the underlying basic 
research and such other factors as relative urgency, project 
costs, and availability of manpower and facilities, and (d) 
that, subject to considerations of security and applicable law, 
adequate dissemination shall be made within the Federal 
Government of reports on the nature and progress of research 
projects as an aid to the efficiency and economy of the overall 
Federal scientific research program. 

Sec. 7. Federal agencies supporting or engaging in scien- 
tific research shall, with the assistance of the Foundation, co- 
operate in an effort to improve the methods of classification 
and reporting of scientific research projects and activities, 
subject to the requirements of security information. 

Sec. 8. To facilitate the efficient use of scientific research 
equipment and facilities held by Federal agencies : 

(a) the head of each such agency engaged in scientific 
research shall, to the extent practicable, encourage and 
facilitate the sharing with other Federal agencies of 
major equipment and facilities; and 

(b) a Federal agency shall procure new major equip- 
ment for facilities for scientific research purposes only 
after taking suitable steps to ascertain that the need can- 
not be met adequately from existing inventories or facili- 
ties of its own or of other agencies. 

Sec. 9. The heads of the respective Federal agencies shall 
make such reports concerning activities within the purview 
of this order as may be required by the President. 

Sec. 10. The National Science Foundation shall provide 
leadership in the effective coordination of the scientific infor- 
mation activities of the Federal Government with a view to 
improving the availability and dissemination of scientific in- 
formation. Federal agencies shall cooperate with and assist 
the National Science Foundation in the performance of this 
function, to the extent permitted by law. 











3. Bro-Scrences INFoRMATION EXCHANGE 


The Bio-Sciences Information Exchange fills an important gap 
in the exchange of information in the life sciences by providing in- 
formation on research which has not reached the publication stage. 
Designed originally to “prevent unknowing duplication of research 
support” by the several Federal agencies authorized to expend funds 
for medical research, it has developed into a unique clearinghouse 
embracing all of the life sciences. Its growth in scope and volume 
parallels ‘the increase and extension of Government support of re- 
search in the life sciences. 


Establishment, policy direction, and functions 


The Bio-Sciences Information Exchange was established within 
the Smithsonian Institution under an “Agreement Concerning the 
Support and Operation of the Bio-Sciences Information Exchange, 
September 14, 1953” which defines the responsibilities of the spon- 
soring agencies and the Smithsonian Institution, and authorizes the 
BSIE * * * tomake routinely available— 

(a) To cooperating agencies and authorized reviewing 
bodies the following types of information : 

(1) Amounts and sources of support of geographical 
areas, research institutions, departments, and investi- 
gators. 

(2) Amounts and sources of support for the broad 
and specific areas of research listed in the subject in- 
dex of the BSIE. 

(3) Lists of investigators and institutions engaged in 
special types of resea reh. 

(4) Nonconfidential information on policies of grant- 
ing agencies. 

(5) To authorize individuals the following types of in- 
formation : 

(1) Lists of investigators and institutions engaged in 
special types of research. 

(2) Magnitude of support in subject or geographical 
areas without reference to the specific source of support. 

(3) } Nonconfidential information on the policies of 
granting agencies. 


The original supporting agencies, the Army, the Navy, the Air 
Force, the National Institutes of Health, the ‘Atomic Energy Com- 
mission, and the Veterans’ Administration, established the Exchange 
aS a cooperative enterprise in 1950. The National Science Founda- 
tion became a supporting agency in 1953, at which time the Exchange 
was attached administratively to the Smithsonian Institution follow- 
ing its first 3 years under the National Research Council. 
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A Governing Board, composed of two members from each support- 
ing agency and two members of the Smithsonian Institution, pro- 
vides policy direction to the Exchange, which in turn operates un- 
der the agreement signed by representatives of all supporting 
agencies and the Smithsonian Institution. Non-Federal granting 
agencies, both fund raising and private, dispensing funds for research 
in the life sciences, participate as cooperating but not supporting 
members, and are not represented on the Governing Board. 

Financing 


The BSIE is supported through grants and contracts between the 
supporting agencies and the Smithsonian Institution. Determina- 
tion of budget requirements is made on an annual basis with all agen- 
cies sharing in the costs. No single agency supplies more than 25 
percent of the operating costs except with approval of the Board. 
Information received and recorded by the BSIE 

Information on research supported by granting agencies, both Fed- 
eral and non-Federal, includes the following: 

1. Source of support: Each agency and each part thereof. 
Example: NIH—each institute and granting program. 

2. Amount and duration of support. This is kept in terms of 
beginning and ending date (in month and year) of each award 
on each project. Example: For a project supported by a single 
agency over a span of years, the amounts awarded each year are 
recorded with the beginning and ending dates of each annual 
award. 

3. The names of the principal investigator and all other profes- 
sional personnel engaged on the study. 

4, The name and address of the institution where the work is 
being performed. In addition, the college or professional school 
and department are recorded. 

5. The title and a brief summary, prepared by the investigator, 
of the work being performed. 

Information on inservice research, including the following: 

1. The names of the principal investigator and all other pro- 
fessional personnel engaged on the study. 

2. The name and address of the institution where the work is 
being performed, including any subdivisions and departments. 

3. The title and a brief summary, prepared by the investigator, 
of the work being performed. 

A standard form called the notice of research project is used to regis- 
ter research with the Exchange and is also used in connection with 
replies to requests. From this form all administrative information 
and the subject index are recorded on magnetic tape. 

All agencies do not register applications, some register only awards. 


The following numbers of applications and awards were registered 
during the first 6 months of fiseal year 1960. 
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Periods Applications Awards Total 


5, ba 

3, 4 
September ‘ eeciell 2, 969 
October ....--.- oa ohenahind . 1, 368 
November J 4,514 
December b 1, 311 


| a a ae 19, 417 


In addition, extensions of dates, changes in investigators, with- 
drawals, etc., account for thousands of updating items monthly. 


Information provided by the BSIE 


Granting agencies receive the following information : 

1. Reports on the support of applicants for grants or contracts. 
Each report is accompanied by the pertinent notices of research 
projects. The numbers of such reports prepared during the first 6 
months of fiscal year 1960 were as follows: 


Periods : Reports 
309 


September 
October 
November 
December 


Totmh oi Sethi ae ele oe aie he oad aba 9, 421 


To fulfill this responsibility the Exchange keeps its records 


constantly updated. 

2. Reports on the distribution of awards prepared in a variety 
of ways. 

In addition, properly constituted committees and survey groups 
receive information on the extent and variety of work in broad subject 
fields, and individual investigators receive notices of research projects 
on current and terminated work on specific topics. 

As a valuable byproduct of the fundamental responsibility of the 
Exchange (to receive information from many different sources and 
to organize and relate it so as to keep its supporting agencies cog- 
nizant of the amounts and sources of support to individual scientists, 
institutions, and subject fields), a center of information on current 
research is also being maintained. In this aspect the Exchange does 
not furnish information on progress or results of research; its pur- 
pose is to identify research problems and the investigators working on 
them. This is accomplished by supplying to scientists, upon specific 
request, copies of pertinent summaries submitted on the notice of 
research project form. The potentialities of this service rests ulti- 
mately with the research scientist; he provides a description of his 
work (which he is asked to bring up to date annually), and he uses 
the clearinghouse for information about other scientists working on 
problems in his field of interest. 

At present there are over 21,000 current research projects registered 
with the Exchange; the number of projects which are no longer active 
Is much greater. Experience has also shown that terminated proj- 
ects have a special value, since they are often referred to as a source 
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of information on negative results and on other data which have not 
been published. 

Although research conducted under extramural funds remains a 
primary responsibility, the need for information about inservice 
research was also recognized and the inservice programs of several 
of the supporting agencies are now registered routinely. There is 
also an increasing number of researchers who are listing their non- 
grant-supported research with the Exchange. 

The uses of the information have kept pace with its growth in size; 
the services of the Exchange are utilized by granting agencies for 
information on amounts and sources of support to individuals, to 
institutions, and to types of research. Also, committees planning 
symposiums and surveys of research find it advantageous and effective 
to use a single source for rapid receipt of information organized to 
their requirements as to what is being done, by whom, and where. 
Finally, the individual scientist saves time and effort by knowing 
who else is working on a problem he is planning to investigate. 

















4. FeperaL Councin ror SCIENCE AND TECHNOLOGY 


[Press release—March 13, 1959] 


Tue Wurre Howse, 

The President today signed an Executive order establishing the 
new Federal Council for Science and Technology. The Council will 
promote closer cooperation among Federal agencies in planning their 
research and development programs, and will recommend ways in 
which the Federal Government can assist in advancing and strength- 
ening the Nation’s scientific effort as a whole. 

In est: ablishing the Council, the President said : 


Less than 20 years ago, Federal support of science was 
about $100 million annually. Today, this annual invest- 
ment in research and development has grown to over $5 bil- 
lion, and a large fraction of these Federal funds is spent in 
laboratories owned and operated by private groups. It is the 
responsibility of the Federal Government to encourage in 
every appropriate way the scientific activities of non- 
Government institutions; but it is apparent from the size 
of these Federal expenditures that the policies and practices 
of the Federai Government can exert an immediate and sub- 
stantial effect on the Nation’s private scientific institutions as 
well as on Government laboratories. 

I believe that the new Federal Council for Science and 
Technology can effectively aid the objective of improving 
the ways in which the Federal Government uses and supports 
science. Moreover, the report of my Science Advisory Catt 
mittee on “Strengthening American Science” also pointed to 
a number of opportunities for advancing our total national 
program. I expect the new Council to consider and evalu- 
ate these opportunities and to encourage all Government 
agencies further to increase the quality of their efforts in these 
fields. By fostering greater cooperation among Federal 
agencies in planning their research and development pro- 
grams, by facilitating the resolution of common problems, 
and by reviewing the impact of government policies on the 
programs of nongovernmental institutions, the Council 
should be able to contribute greatly to the development and 
advancement of our national programs in these important 
and critical areas. 


The President has asked Dr. James R. Killian, Jr., his Special 
Assistant for Science and Technology, to serve as Chairman of the 
Council. Its membership will include representatives of the depart- 
ments and agencies of the Government which play a major part in 
this field. This includes Defense, Interior, Agriculture, Commerce, 
Health, Education, and W elfare, and the Director of the National 
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Science Foundation, the Administrator of the National Aeronauties 
and Space Administration, and the Chairman or another member 
of the Atomic Energy Commission. The Chairman may invite other 
persons to attend meetings when appropriate and representatives of 
the Secretary of State and the Director of the Bureau of the Budget 
will attend as observers. Attention has been called to the fact that 
the task of further strengthening U.S. science is so broad that gov- 
ernment, industry, universities, foundations, and individuals all have 
essential roles to play. For the future growth and strength of 
American science will depend upon the efforts of all of these parts 
of our national community if we are to rise to the demands of our 
times. 

To assure the Council the benefit of continuing advice from the 
career scientists in the Federal service, the order provides for a 
standing committee of the Council composed of scientist-administra- 
tors principally responsible for the direction of research and develop- 
ment programs in Federal agencies. Such a committee may include 
representatives from other agencies having important scientific and 
technical activities and not named as members of the Council. The 
standing committee will undertake studies for and make reports to 
the Council, and will be called upon to provide a continuing source 
of recommendations to the Council. In this way an organized means 
will be established for bringing to the President the advice and 
recommendations of both the policy officials and the career scientists 
in the major research and development agencies. Executive Order 
9912 which established the Interdepartmental Committee on Scien- 
tific Research and Development is revoked by the new Executive 
order. 

The President has also directed Federal agencies to cooperate with 
and assist the National Science Foundation in its role of providing 
leadership for improving the availability and dissemination of scien- 
tific information. 











EXECUTIVE ORDER 10807 ESTABLISHING FEDERAL 


AND TECHNOLOGY 





COUNCIL FOR SCIENCE 





Whereas science and technology are essential resources for the se- 
curity and welfare of the United States; and 

Whereas Federal programs in science and technology will advance 
our security, health, and economic welfare and the quality of educa- 
tion in the United States; and 

Whereas closer cooperation among Federal agencies will facilitate 
the resolution of common problems in science and technology, promote 
a greater measure of coordination, and otherwise improve the planning 
and management of Federal programs in these fields : 

Now, therefore, by virtue of the authority vested in me as President 
of the United States, it is hereby ordered as follows: 

Section 1. Establishment of Council. (a) There is hereby estab- 
lished the Federal Council for Science and Technology (hereinafter 
referred to as the Council). 

(b) The Council shall be composed of the following-designated 
members: (1) the Special Assistant to the President. for Science and 
Technology, (2) one representative of each of the following-named 
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departments, who shall be designated by the Secretary of the De- 
partment concerned and shall be an official of the Department of policy 
rank: the Departments of Defense, the Interior, Agriculture, Com- 
merce, and Health, Education, and Welfare, (3) the Director of the 
National Science Foundation, (4) the Administrator of the National 
Aeronautics and Space Administration, and (5) a representative of 
the Atomic Energy Commission, who shall be the Chairman of the 
Commission or another member of the Commission designated by the 
Chairman. A representative of the Secretary of State designated by 
the Secretary ate representative of the Director of the Bureau of 
the Budget designated by the Director may attend meetings of the 
Council as observers. 

(c) The Chairman of the Council (hereinafter referred to as the 
Chairman) shall be designated by the President from time to time 
from among the members thereof. The Chairman may make pro- 
vision for another member of the Council, with the consent of such 
member, to act temporarily as Chairman. 

(d) The Chairman (1) may request the head of any Federal agency 
not named in section 2(b) of this order to designate a representative 
to participate in meetings or parts of meetings of the Council con- 
cerned with matters of substantial interest to the agency, and (2) may 
invite other persons to attend meetings of the Council. 

(e) The Council shall meet at the call of the Chairman. 

Section 2. Functions of Council. (a) The Council shall consider 
problems and developments in the fields of science and technology and 
related activities affecting more than one Federal agency or concernin 
the over-all advancement of the Nation’s science and technology, an 
shall recommend policies and other measures (1) to provide more 
effective planning and administration of Federal scientific and tech- 
nological programs, (2) to identify research needs including areas of 
research requiring additional emphasis, (3) to achieve more effective 
utilization of the scientific and technological resources and facilities 
of Federal agencies, including the elimination of unnecessary dupli- 
cation, and (4) to further international cooperation in science and 
technology. In developing such policies and measures the Council, 
after consulting, when considered appropriate by the Chairman, the 
National Academy of Sciences, the President’s Science Advisory Com- 
mittee, and other organizations, shall consider (i) the effects of Fed- 
eral research and development policies and programs on non-Federal 
programs and institutions, (ii) long-range program plans designed 
to meet the scientific and technological needs of the Federal Govern- 
ment, including manpower and capital requirements, and (iii) the 
effects of non-Federal programs in science and technology upon Fed- 
eral research and development policies and programs. 

(b) The Council shall consider and recommend measures for the 
effective implementation of Federal policies concerning the adminis- 
tration and conduct of Federal programs in science and technology. 

(c) The Council shall perform such other related duties as shall 
be assigned, consonant with law, by the President. or by the Chairman. 

(d) The Chairman shall, from time to time, submit to the Presi- 
dent such of the Council’s recommendations or reports as require the 
attention of the President by reason of their importance or character. 

* * * * * * * 








APPENDIXES 


1. “FROM AVIATION MEDICINE TO SPACE MEDICINE”’ 


Dr. HuBERTUS STRUGHOLD* 


(From: Air University Quarterly Review, Summer 1958, Vol. X, No. 2) 


E potentialities of human flight are undergoing a radical change. This 
change has been brought about by the rapid and successful developments 
in rocketry during and since World War II. 

The rocket is a self-contained propulsion device—the only kind known 
that is independent of an external medium both dynamically and chemically. 
Dynamically, to attain propulsion it does not require an atmospheric medium 
to “push against” but rather “pushes against itself.” Chemically, it carries 
its own oxygen or other forms of oxidizers for fuel combustion, in contrast 
to the jet engine which makes use of atmospheric oxygen in this respect. In 
case nuclear energy is used, oxygen is not required at all. Furthermore, the 
powerful thrust of a rocket exceeds by far all other propulsion methods. 

These unique features enable a rocket to reach beyond the regions of 
the atmosphere and operate in space. In fact it is even more efficient in 
a vacuum. Its natural habitat, therefore, is outside the atmosphere. With 
regard to its preferred environment, the rocket is a spacecraft. In contrast 
propeller planes and jet planes while “wing supported” and “air supported” 
can operate only inside the atmosphere within a certain density range. En- 
vironmentally they are both aircraft, but the jet is transitional to the rocket. 

The altitude ceiling for air-supported craft and air-breathing engines 
is maximally around 20 miles or about 30 kilometers, the limiting factor 
being the density of the atmosphere. In contrast the rocket has practically 
no limitation in altitude. Its vertical operational range is determined ex- 
clusively by the thrust. In the realm of rocket flight, therefore, the concept 
of height above the earth’s surface blends into that of “distance” from the 
earth. The rocket alone has really conquered the third or vertical dimension 
in flight. It has opened a new frontier to the flyer: the “vertical frontier.” 





“Dr. Hubertus Strughold, Ph.D. University of Muenster, M.D. University of Wuert- 
burg, is Chief, Department of Space Medicine, School of Aviation Medicine, USAF. 
A pioneer in aviation medicine, Dr. Strughold performed research in this country 
in 1928-29 as a Fellow of the Rockefeller Foundation. In 1935 he became director 
of the Aeromedical Research Institute in Berlin, associate professor of physiclogy 
at the University of Berlin and by 1945 was a colonel in the German Medical Corps. 
After the war he was appointed Director of the Physiological Institute, University 
of Heidelberg. In 1947 he joined the School of Aviation Medicine, USAF. Long- 
time author and lecturer on physiology, aviation medicine, and space medicine, Dr. 
Swrughold has written a book describing Mars, The Green and Red Planet, co- 
authored Principles of Aviation Medicine and an atlas on aviation medicine. 
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The process of motion along this vertical frontier also reveals the novelty 
of things to come. Flights in conventional planes are accomplished by the 
steadily acting power of propulsion. Great variations in the g forces generally 
do not occur; motion, therefore, is more or less uniform. It lies in the nature 
of rocket propulsion that fuel expenditure takes place during the first few 
minutes only, followed by a period of coasting without power or of flight by 
inertia until the vehicle re-enters the atmosphere. At the beginning and end 
of rocket flight we encounter high accelerations and decelerations, respectively, 
resulting in exposure to multiples of g. During the period of coasting the 
vehicle follows the laws of ballistics and even those of celestial mechanics as 
formulated in the three laws of planetary motion by Johannes Kepler. The 
latter means that the vehicle itself behaves like a celestial body following a 
path which exhibits the characteristics of an orbit (circle, ellipse, and parab- 
ola). In such orbits the force of the earth's gravitation is balanced by inertial 
forces with the result that both craft and passengers become weightless. Thus 
an environmental factor—weight—which is present everywhere and at all times 
on the ground and in conventional flights, is eliminated. 

The velocities observed in space flight may approach those of meteors. 
They exceed by far the speeds attainable in atmospheric flights by jet-pro 
pelled planes, which may reach about three times the speed of sound. In 
rocket flight beyond the atmosphere this speed unit expressed in mach num- 
bers is irrelevant. The velocities attainable by rocket propulsion make con- 
ceivable an approach to other celestial bodies with a strange environment and 
perhaps with living organisms. The telescope has brought these celestial bodies 
closer to us optically, but the rocket has the potentialities of bringing us closer 
to them physically. 

To summarize: First, the environment in rocket-powered flight has the 
properties not of the atmosphere but largely or completely those of free space. 
Second, the rocket itself with regard to its motion behaves like a celestial body. 
And third, other celestial bodies may soon be reachable from the earth. These 
three facts indicate that we have entered a novel, revolutionary phase in the 
development of flight, in fact, in the history of man. We are at the threshold 
of human space flight. 


organizing space medicine in the Air Force 


The near advent of a capability for manned space flight was of extreme 
importance to the United States Air Force. In anticipation of the medical 
implications involved in a new branch of technology, now named space tech 
nology, Major General Harry G. Armstrong created in February 1949 at Air 
University’s School of Aviation Medicine, Randolph Air Force Base, Texas, 
a special department for the study of the medical problems encountered in 
flights beyond the atmosphere. It was named the Department of Space Medi- 
cine, with the writer as its chief and Dr. Heinz Haber as astrophysicist. 

The fact that this department was founded at an aviation medical insti- 
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tution indicates that space medicine is actually an extension of aviation 
medicine. It developed from the latter partly in distinctly recognizable steps 
toward medical space research and partly in an invisible way in experiments 
which were carried out to meet the requirements of high-performance aircraft 
but which can today be regarded as belonging, at least to some extent, to the 
realm of space medicine. These researchers* 5275! pioneered along the 
borderlines of a field which came officially into being several years after 
World War II. 

At about the same time the Department of Space medicine was founded, 
preparations for animal studies in rockets began under Brigadier General 
Edward J. Kendricks and later Colonel Robert H. Blount at the Aero Medical 
Laboratory at Wright-Patterson Air Force Base, Ohio. The Aero Medical 
Laboratory had suitable facilities for this type of work at Holloman Air Force 
Base, New Mexico. In 1952 the research activity at Holloman was made an 
independent Aero Medical Field Laboratory under Lt. Colonel John P. Stapp 
with a Space Biology Branch under Major David G. Simons. 


developments toward space medicine 


In the following an attempt is made to describe the historical develop- 
ment of space medicine based on those studies and events which show dis- 
tinctly the trends or steps toward space flight, the exploration of space, and 
travel to other celestial bodies. This article does not claim completeness in 
detail but rather will give an over-all picture of the transition from aviation 
medicine to space medicine—where, when, and in what scientific areas it took 
place. More details are available in references 22, 23, $1, and 44. 

But it should be noted that transition does not mean replacement. Avi- 
ation or atmospheric flight will always play the dominant role in human 
flight; and aviation medicine or aeromedical studies will always be required 
for the health and efficiency of the crew and safety of the passengers, especially 
in these days of increasing air traffic. Space flight will probably always have 
the characteristics of an operation or an expedition. 

As in any pioneer field, general theoretical space medical considerations 
preceded the specific experimental approach. Two things had to be de- 
termined: first, the actual differences between atmospheric flight and space 
flight, and second, the height above the earth's surface beyond which atmos- 
pheric flight becomes space flight. The answers were found in an analysis 
of the atmospheric functions for human flight: in the concept of the “func- 
tional borders” between atmosphere and space, 4252 and in the concept 
of atmospheric “space equivalence.”*¢ On the basis of these theoretical 
considerations, it was recognized that space conditions actually begin as low 
as 12 miles with regard to certain environmental factors and that practically 
all space conditions are met above 120 miles. But planes as well as balloons 
had already penetrated deep into the region of partial space equivalence. 
Consequently “space-equivalent flight” became the technical term for all 
flights above 12 miles. 
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Special experimental research, preceded or accompanied by theoretical 
analysis, was concentrated upon three major areas: 

—the g pattern which included a large range from zero g to multiples 
of g: 

—the study of the biological effect of cosmic rays; and 

—the development of a closed ecological system as represented by a cabin 
to be used in space or even as low as 70,000 to 80,000 feet. 

Weightlessness. Considerations of tolerance to zerogravity or weightless 
ness date back to immediately after World War II. But even during the war 
occasional observations were made in this respect. In October 1946 a seminar 
was held at the Aeromedical Center in Heidelberg to discuss “Man under 
Weightless Conditions.” The content of this seminar was published in 1950." 
At about the same time similar discussions took place at Wright-Patterson Air 
Force Base.*4 

A solid theoretical basis was laid in a paper entitled “Possible Methods 
of Producing the Gravity-Free State for Medical Research” prepared by scien- 
tists at the USAF School of Aviation Medicine in 1951.!71® Finally actual 
animal experiments were carried out in rockets by the Wright-Patterson Aero 
Medical Laboratory at its field facilities at Holloman Air Force Base in 1952.24 
An altitude of 36 miles was reached in these rocket flights, and the state of 
weightlessness lasted about 3 minutes. 

Soon jet planes were used to study human tolerance to weightlessness at 
Wright-Patterson Air Force Base+ and by the School of Aviation Medicine at 
Randolph Air Force Base,'5 16 as well as by the Aero Medical Field Labora- 
tory at Holloman Air Force Base.36 The number of parabolic flight maneu- 
vers flown up to the present time at Randolph Field alone is well over four 
thousand. The duration of the state of weightlessness attained during these 
parabolic arcs is maximally a little less than one minute. For such a short 
period we now have a pretty good idea of zero g tolerance. 

These experiments carried out in jet planes represent historically the 
first phase of the study of human tolerance to weightlessness. The next phase 
will be experiments in rocket-powered craft of the X-15 type, in Dynasoar, 
and eventually in vertical rocket flight and orbital flight. It may be added 
that in 1956 comparative studies of subgravity conditions in swimming pools 
were carried out at the School of Aviation Medicine and at the Aero Medical 
Field Laboratory. 


Multiple g forces. The study of increased g forces dates as far back as the 
middle thirties. They were carried out on large centrifuges at Wright-Patter- 
son Air Force Base, at the Mayo Clinic,55 and more recently at the Navy's 
Medical Laboratory at Johnsville, Pennsylvania. These experiments were 
required because of the high accelerations during certain maneuvers in at- 
mospheric flight, the necessity of testing anti-g suits, etc. In atmospheric flight 
maneuvers the g forces seldom exceed 4 g. 

During the launching period of a rocket, however, peaks up to 9 g may 
be experienced, and during atmospheric re-entry even higher values. The g 
pattern expected during launching was simulated on a human centrifuge in 
1955.32 Valuable results about the tolerability of extremely high g have been 
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obtained by means of experiments on a sled at Holloman Air Force Base 
since 1950.4°41 Because of these many experiments carried out through 
different means, the physiological effects of increased g are basically well 
understood today. 

Cosmic rays. The problem of biological effects of cosmic rays has been 
approached theoretically and experimentally. The Navy's School of Aviation 
Medicine at Pensacola, Florida, concentrated on the theoretical biological 
evaluation of the cosmic ray data obtained in rockets and started with these 
studies as early as 1950.88 The Space Biology Branch at Holloman Air Force 
Base undertook experimental studies in 1951, partly in cooperation with the 
School of Aviation Medicine at Randolph Air Force Base. The vehicles used 
in these experiments were rockets and ultra-high-altitude balloons. So far 
only minor effects of cosmic rays on mice (grey hairs) have been detected.35 36 
The ultimate research vehicle will be a returnable biosatellite which permits 
longer exposure times and the penetration of high-intensity radiation regions, 
such as have been discovered recently by the Explorer satellites. 

The sealed space cabin. One of the most important and vital tasks of 
space medicine is to keep a man alive in an environment which is distin- 
guished by the absence of an atmosphere. This has to be achieved by the 
development of a sealed cabin which carries its own atmosphere for the crew. 

Such devices have been developed in the form of sealed capsules designed 
for animal experiments and manned flight in high-altitude balloons at the 
Space Biology Branch at Holloman.*? These efforts made possible the record 
balloon Aight of Lt. Golonel David G. Simons to 102,000 feet in August 1957. 
The Department of Space Medicine developed an experimental sealed cham- 
ber at Randolph Air Force Base for laboratory studies,** a so-called space 
cabin simulator, in which in 1957 a 24-hour experiment and early in 1958 
a 7-day experiment were successfully performed. 

For experiments or flights of days or weeks duration, physical and chem- 
ical means are probably the sole method for the regeneration of the cabin's 
air.11 1226 For longer periods of time, biological gas exchangers may be more 
eficient. To cope with this eventual situation, the School of Aviation Medi- 
cine sponsored a project to use plants for the regeneration of the air. These 
studies were started at the Department of Zoology at the University of Texas 
in 19542° and in a more applied form at the School of Aviation Medicine." 
In these biological studies in a closed ecological system the recycling of fluid 
and semisolid body wastes for reutilization has recently been included. 

Apart from these main research areas other problems of space medicine 
have been attacked, such as the physiology of the day-night cycle, psychology 
of isolation, nutrition, toxicity of rocket fuel, selection of crew,7 bailout at 
very high altitudes, etc.18 


development of astrobiology 


Closely related to space medicine is a scientific field which deals with 
the ecological conditions on other planets and with the question of life on 
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these celestial bodies. This field has been called “planetary ecology” or 
“astrobiology.” It is a field not only of interest to the astronaut but also 
of general human interest. The roots of this study go back to 1877 when 
G. V. Schiaparelli, astronomer in Milan, Italy, discovered strange features 
on the surface of Mars which he called “canali.” This started the discussion 
of life on other planets which around 1910 reached its first climax in the 
publications of Percival Lowell, founder and director of the Astronomical 
Observatory in Flagstaff, Arizona.* 

The recent rapid progress made in space technology and space medicine 
has had a catalytic effect upon the occupation with astrobiological questions, 
as is evidenced by a great number of new publications, In contrast to former 
times when such publications were written exclusively by astronomers, now 
biologists and medical doctors have entered the field. This is very desirable 
because astrobiology, as the term indicates, is actually a field common to 
astronomy and astrophysics on one side, and biology and medicine on the 
other. Astrobiology started with the question of the possibility of indigenous 
life on other celestial bodies. This is a matter of general biology. The pros 
pects offered by the construction of space vehicles to approach other celestial 
bodies and eventually to land there have raised the question of what condi 
tions an astronaut would find there with regard to himself or, in other words, 
from the standpoint of human physiology. Both aspects have been discussed 
in recent years in many publications and meetings. 

As far as the Air Force is concerned, the School of Aviation Medicine 
had a project as early as 1947 to study the ecological conditions on other 
planets. As a result of this project various publications appeared concerning 
the possibility of life on Mars, such as The Green and Red Planet.** 4 The 
marriage between astronomy and biology led to new concepts such as that 
of the “ecosphere” in the solar system.47 The ecosphere represents a zone 
in a certain distance range from the sun in which the ecological conditions 
in space and those on the planets are favorable to space operations and to 
life. This concept was adopted by a Polish astronomer in 1957 ‘for consid- 
eration of the stars found in space up to 17 light years distance from the 
sun, as he reported to the Congress of the International Astronautical Feder- 
ation in Barcelona in 1957. 

At this point it may be noted that in 1953 in Russia two books were 
published under the titles Astrobiology and Astrobotany by G. Tikhof. In 
these books attention is concentrated upon the optical properties of the 


*[ The Italian “‘canali,” by which Schiaparelli meant “channels,” designated the network of 
dark lines resembling according to Schiaparelli “the finest thread of spider's web drawn acros 
the disk’ of Mars which he and a number of other competent observers have observed at the 
dimmest limit of vision. Other competent observers have never seen the “‘canali,”” and 

ings have not shown on any photogra clearly enough for general acceptance. 

Lowell, who recorded many successful rvations, readily accepted the suggestion the Italian 
word had in English and was so much impressed by the geometric regularity of the network he 
himself saw that he proclaimed it an artificial irrigation project, such as might be made visible 
by bordering vegetation. Many American astronomers have followed Lowell in accepting at least 
the existence of the markings as real surface features of some kind. Opinion has been advanced 
that the lines may be cracks in the Martian surface, rays like those on the Moon, or perhaps the 
vagaries of surface detail transmuted by the observer's straining vision into lines. Concern 


life on Mars, most areologists accept the existence of broad areas of ——— observed as 


green ions between the polar frost caps, in contrast with the that covers five 
eighths of the surface. This vegetation is considered to be a primitive type of moss or lichen. Ed.] 
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green areas on Mars. Recently a book entitled Astrobiologia, by F. A. Pereira, 
appeared in Brazil. Apart from his own contributions the author reviews 
the “North American School of Thinking” and that of the “Soviet School.” 

An event which may be considered of historical importance was a sympo- 
sium on “Problems Common to Astronomy and Biology” held at a joint meet- 
ing of the Astronomical Society of the Pacific and the International Mars 
Committee on 15 June 1957 at Flagstaff, Arizona.5° 54 It was the first sympo- 
sium of its kind. Mars was the chief topic of the discussions, and the speakers 
based their reports on the latest spectographic observations, advanced eco- 
logical considerations, and space medical achievements. Physiological optics 
and the use of balloons as astronomical observatories, which require sealed 
gondolas as developed in space medicine,3® were among the topics. 

The development of transatmospheric astronomical observatories attached 
to ultra-high-altitude balloons or borne in satellites will mean an important 
mark in the history of astronomy and astrobiology. As for the latter, the 
ultimate goal will be an actual approach to other celestial bodies by means 
of manned space vehicles. We can, of course, simulate to a high degree the 
environmental conditions on Mars in a chamber and examine the behavior of 
terrestrial microorganisms. Studies of this kind in a “Mars chamber” were 
initiated in 1956 in the SAM Department of Microbiology at Randolph 
AFB.25 This experimental approach is interesting not only from the stand- 
point of astrobiology but also of general biology and philosophy. 


milestones in space medicine and astrobiology 

This review of the history of space medicine and astrobiology would not 
be complete if pertinent meetings and organizations were not included. In 
November 1948 Major General Harry G. Armstrong held a panel discussion 
on “The Medical Problems in Space Travel” in which members of the SAM 
Department of Space Medicine presented papers and six noted scientists from 
universities and Armed Services institutions participated as discussion speak- 
ers.! In 1950 a panel discussion on “Space Medicine” was organized by Drs. 
A. C. Ivy and John P. Marbarger at the University of Illinois.28 This was the 
first space medicine meeting which had as one of its participants a rocket 
pioneer: Wernher von Braun. The others were H. G. Armstrong,? H. Haber, 
Konrad Buettner,® Paul Campbell,!® and the writer. 

An important step in the exchange of knowledge on space flight between 
scientists was the first international symposium on “The Physics and Medicine 
of the Upper Atmosphere.” Forty-four speakers from various countries ap- 
peared on the program which was held in San Antonio, Texas, in November 
1951. This symposium was organized by Major General Otis O. Benson, Jr., 
Commandant of the School of Aviation Medicine at Randolph AFB, and Dr. 
Clayton S. White of the Lovelace Foundation, Albuquerque, New Mexico. A 
considerable portion of the material presented was devoted to space, space 
flight, and the medical problems involved. The papers were published in 
book fotm.53 


In 1950 an organization was created for the specific purpose of promoting 
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space medicine: the Space Medicine Branch of the Aero Medical Association, 
Organized in Chicago with 20 charter members, it is now ten times its original 
size. Since 1952 this group has regularly held a panel discussion of the latest 
developments in this field at the annual meetings of the Aero Medical Associ- 
ation. As a rule these papers are published in the Journal of Aviation Medi- 
cine (Dr. Robert J. Benford, editor), which has played a pioneer role in the 
distribution of advanced ideas. Other publications concerning the problems 
and development of space medicine are listed in the bibliography.? 7° 21 9 

Since 1952 space medical papers also began to appear on the programs of 
technological societies such as the American Rocket Society, the Institute of 
Aeromedical Sciences, and the American Astronautical Society. At the annual 
meeting of the American Rocket Society in Chicago in 1955, for instance, the 
first paper on the medical problems in satellite flight was given. A 
human-factors panel was also included in the program of the first Symposium 
on Astronautics, held in San Diego, California, in March 1957. It was or- 
ganized by the Consolidated Vultee Aircraft Corporation of San Diego (a di- 
vision of General Dynamics Corporation) and was sponsored by the Office of 
Scientific Research of the Air Force, Washington, D. C. 

In 1954 space medicine entered the international scene at the annual 
meeting of the International Astronautical Federation.*¢ This organization, 
founded in 1952, now comprises about twenty-five national member organiza- 
tions. Actually for several years any meeting dealing with the problems of 
space flight has been considered incomplete if it did not have space medical 
topics on its program. 

The historical development of space medicine is also reflected in the 
field of education. For many years courses in aviation medicine for flight 
surgeons have been held at the School of Aviation Medicine at Randolph 
AFB, first in the form of primary courses and later also in the form of 
advanced courses, refresher courses, and review courses. For more than five 
years space medical and astrobiological topics have been included in these 
curricula in order to familiarize the medical students and physicians with 
problems of the future. Space medicine was also found on the program of two 
lecture series: one on satellites offered by the Massachusetts Institute of Tech 
nology in 1956, and the other on space technology given at the University of 
California in the spring of 1958. 

There is another point worth mentioning. On 5 May 1958 two repre- 
sentatives of space medicine appeared before the special House Select Com- 
mittee on Astronautics and Space Exploration in Washington, D. C., to testify 
about the medical aspects and prospects of space flight. Apparently these 
were considered important for the future military and civilian organization 
of the national efforts in astronautics. Furthermore the recent creation of a 
“Man in Space” committee of Air Research and Development Command 
under the direction of Brig. Gen. Don D. Flickinger reflects the increasing role 
of space medicine in astronautics. And the medical research institutions of 
the Air Force are expanding their facilities and programs in close cooperation 
with its Ballistic Missile Division. 
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the renaissance in aero medical research 


After World War II it was generally believed that the essential problems 
involved in human flight had been solved and that medical research was only 
required to fill some minor gaps. Aviation medicine was considered a matter 
of routine. But the rocket with its extra-atmospheric capabilities changed 
this belief, gradually but radically, and we could observe a renaissance in 
medical and biological research and a distinct movement toward problems 
related to space. The appearance of artificial satellites in the sky gave this 
trend a powerful boost. Beyond that it also implied a retroactive justification 
for the necessity—formerly not generally recognized—of the presatellite pioneer 
studies, in which the medical institutions of the U.S. Air Force played an early 
and leading role. 


School of Aviation Medicine, USAF 
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2. “IMPACT OF SPACE EXPLORATION ON BIOLOGY AND 
MEDICINE” 


Clark T. Randt, M.D., Washington, D.C. 


[From the Journal of the American Medical Association, vol. 172, No. 7, Feb. 
13, 1960] 


Space exploration offers an unparalleled opportunity for 
the productive integration of the physical and biological 
sciences directed toward expansion of our knowledge of the 
universe. Means of improving human tolerance of the ex- 
pected combined stresses involved in space flight and previ- 
sion of adequate life-support systems will be necessary to 
allow man to lend his unique capabilities to accomplishment 
of the tasks ahead. New knowledge of extraterrestrial en- 
vironmental effects on all forms of life will result from stud- 
ies of comparative biology on the broadest scale and will un- 
doubtedly lead to further understanding of the fundamental 
laws of nature. 


Basic human drives for pioneering and conquest can find acceptable 
expression in extraterrestrial exploration. It is unmistakably clear 
that our civilization cannot survive a thermonuclear conflict. The ex- 
pression of aggressive drives in war has repeatedly supplied an im- 

tus for unusual increments in the growth of the arts and sciences. A 
uistorical review of intellectual progress and concomitant techno- 
logical advance gives reason to expect that expanded knowledge of 
the universe will produce an unprecedented burst of creative activity 
in biology and medicine as well as in the physical sciences and engi- 
neering. 


ROLE OF MAN IN SPACE 


Only with the advent of high-altitude high-speed operations within 
the past two decades has man’s role in flight become the subject of 
intensive study in military aviation medicine, resulting in special 
adaptation of aircraft and equipment to the pilot. These develop- 
ments have also brought to the fore the necessity for more discriminat- 
ing selection of highly intelligent, inherently capable persons for ex- 
tensive training prior to being given control of intricately designed 
high-powered vehicles. 

At the threshold of the Space Age, questions related to man’s partici- 
pation in space flight and exploration have already assumed signifi- 
cant proportions. Suggestions have been made that reveal doubt in 
some quarters as to the propriety and ultimate usefuless of man’s being 
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propelled into outer space. From some of the same sources the space 
effort, in general, has been regarded as no more than large-scale par- 
ticipation in an international pyrotechnic display involving sizable 
sums of the taxpayer’s money. The scientific, political, economic, and 
sociological implications of such statements are unfounded. My re- 
marks are directed to the scientific aspects of space exploration as they 
relate to biology and medicine. 

Initial serious interest in man’s role in space has been concerned 
with the utilization of his unique characteristics which allow him to 
absorb a wide variety of observations, to process this data, to store it 
as memory, or to use it to exercise judgment in decisionmaking in a 
way that could not conceivably be done by any manmade device. 
Such human qualities as persistence and resourcefulness as well as the 
relative reliability of complex human systems further indicate the need 
for man’s inclusion in the operational aspects of space flight and ex- 
ploration. 

Research.—Research and development designed to comply with the 
requirements of manned space flight are now in progress. Military 
aviation medical personnel are making a major contribution in this 
area. Their knowledge and experience, gained over the last 20 years, 
provide a substantial base on which to build for the future. 

The immediate needs of space flight are for conquest by man, within 
the limits of his tolerance, of the stresses of acceleration, vibration, 
temperature, weightlessness, and impact during the launching, flight, 
and reentry phases, Life-support systems, insuring survival by main- 
taining the vehicle environment within physiological limits as te 
pressure, oxygen supply, humidity, carbon dioxide concentration, 
and waste removal, are essential. Means of escape in case of impend- 
ing disaster must be provided. Instrumentation allowing for record- 
ing and telemetry of data concerning the function of man and these 
systems in flight are being further developed. These are some of the 
prerequisites for determining man’s capability of performance which 
will make it possible for him to lend his unusual talents to the problems 
at hand. These factors must be projected into the near future when 
larger payloads and flights of longer duration are feasible. Regenera- 
tive systems for support of life which use solar energy to provide 
fluid, food, and gaseous requirements will then be necessary. Radi- 
ation hazards must be further delineated and overcome. Means for 
management of possible meteorite damage and arrangements for in- 
flight maintenance of equipment over periods lasting weeks or months, 
or more, must be developed. 

Man’s nervous system is the key to his usefulness in the space setti 
confronting us. With the present emphasis on survival, no vital 
system, including the heart, circulation, or respiratory mechanism, 
has been overlooked, but relatively little effort has been made to 
assess more than the most fundamental life-supporting functions of 
the brain. The role of the nervous system in the rapid adaptation of 
the body to the internal and external environment has been established. 
Longer term adjustments involve hormonal influences which are also 
under neural control, The physiological concomitants of more com- 
plex levels of behavior and performance are little understood, One 
of several approaches to this problem involves intensified study of 
the nature of the varied input from sensory receptors. 
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Weightlessness and other aspects of sensory deprivation have special 
pertinence in anticipation of manned space flight. More information 
about the integration and elaboration of the afferent input as it modi- 
fies the neural substrate of abstract thought, learning, memory, and 
emotion is urgently needed. Perceptions are likely to be altered b 
long-term application of unusual forces on the body sensors, as well 
as by isolation, fatigue, emotional reactions, and long-duration modi- 
fications of cyclic light-dark, sleep-activity, and temperature rhythms. 
Study of animals and man subjected to real or simulated space environ- 
mental conditions offers a unique opportunity to gain fundamental 
information relating to consciousness, orientation, mentation, emo- 
tional reactions, and motor coordination. 


INTEGRATION OF THE SCIENCES 


A number of new problems of great complexity and interdepend- 
ence relating to the fields of biology and medicine arise in anticipation 
of manned space flight and exploration. An unparalleled opportu- 
nity for productive integration of the physical sciences, engineering, 
and the biological sciences is presented and must be comprehensively 
exploited to produce the desired results. Such integration has been 
notably difficult to accomplish in the past. The traditional organiza- 
tion of the biological sciences includes: biophysics, biochemistry, 
physiology, and psychology. Reorganization of this as well as of the 
physical science and engineering disciplines, in vertical fashion, to be 
applied to the problems to be studied, will provide the best opportu- 
nity for bringing each discipline to bear on the major areas under 
investigation. Restriction of effort to immediate problems such as 
acceleration and other forms of stress, radiation effects, and life-sup- 
port systems would not satisfactorily provide the scope or flexibility 
necessary for meeting the requirements of the future. Studies from 
a molecular to an intact organism level, where appropriate, with use 
of an interdisciplinary approach, are likely to be most productive. 

Coordinated efforts in “bioengineering” are now in progress which 
are concerned with development of a suitable space vehicle environ- 
ment and other life-support systems consonant with present and antici- 
a payload capabilities. The limits of tolerance for various physio- 
ogical stresses and means of adaptation to remain within these bound- 
aries are being determined on centrifuges, in altitude chambers, and 
by other flight-simulating devices. In this process, a number of tech- 
nological advances related to designing vehicles to fit men and training 
men to use them are being accomplished. 

The broad application of biophysics is relevant not only to problems 
of radiation and physiological instrumentation but also to the cardio- 
pulmonary aspects of acceleration and weightlessness. Long-term 
results of alterations in pressure, gas exchange, humidity, and tem- 
perature are worthy of consideration. Investigations of more ex- 
tensive use of computers for the processing of biological data are 
appropriate. 

Metabolic studies are concerned with cellular division, nutritional 
requirements, and utilization of energy of a variety of organisms, 
including man. Chemical and photosynthetic processes are expected 
to provide regenerative systems to sustain life over long periods of time 
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in a closed ecologic system. These closed systems introduce special 
consideration of intoxicants and contaminants which could be in- 
jurious to living organisms. The possible uses of controlled hypo- 
thermia are being explored with regard to reduction of metabolic 
requirements for food and fluid, as well as protection from various 
stresses, including those in the psychological sphere. 

Studies of extraterrestrial environments and their effects on biologi- 
cal adaptation and genetics are of particular interest. Botanical and 
zoological investigations from a microbiological level to man have 
pertinence to the exploitation of an entirely new dimension for the 
observation of biological effects. 

Results. —It is not part of scientific investigation to predict the spe- 
cific utility of the results. However, there is no reasonable doubt that 
space exploration offers a new vantage point for observation of the 
effects of environmental factors on all forms of life, which will provide 
numerous important applications of a practical nature relative to 
biology and medicine. Absence of gravitational force, extreme altera- 
tions in remote atmospheric composition and pressure, radiation, and 
other energy fields affect organisms of all degrees of complexity, in- 
cluding man, Development of means of measuring and surmounting 
certain deleterious influences will be forthcoming, which will prob- 
ably be applicable to many problems we now face on earth. The un- 
familiar features of this unexplored environment can be expected to 
serve as tools for revealing the nature of many hitherto unexplained 
biological phenomena. Ultimately, it is likely that extraterrestrial 
living organisms will be discovered as well as physical and biological 
resources to support life as we know it. 

More comprehensive knowledge of the environment in space, on 
the Moon, and on planets undoubtedly will have a profound influence 
on man and other forms of life on earth. The horizon, expanded to 
include progressively more of the universe, can be expected to provide 


intense stimulation with resultant significant advances in biology and 
medicine. 
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3. “PSYCHIATRIC EVALUATION OF CANDIDATES 
FOR SPACE FLIGHT’’! 


(A Fe. by George E. Ruff, Captain, USAF (MC) and Edwin Z. Levy, Captain, 
USAF (MC), Stress and Fatigue Section ne Branch, Aero Medical 
paboreey Wright Air Development Center, right-Patterson Air Force 

ase, Ohio 


The high levels of stress expected in space flight require careful screening of 
potential pilots by psychological and physiological techniques. Since emotional 
demands may be severe, special emphasis must be placed on psychiatric evaluation 
of each candidate for a space mission. 

The selection process begins with a detailed analysis of both the pilot’s, duties 
and the conditions under which he will carry them out. As long as we have had 
no direct experience with space flight, some aspects of this analysis will necessarily 
be speculative. We must thus rely heavily on knowledge of behavior during stress 
situations in the past. As a result, data from military operations, survival 
experiences, and laboratory experiments have guided the choice of men for space 
missions now being planned. 

Although striking exceptions are seen, the individuals who have done best under 
difficult circumstances in the past have been mature and emotionally stable. 
They have usually been able to harmonize internal needs with external an 
in an effective manner. When subjected to stress, anxiety has not reached hig 
enough levels to paralyze their activity. 

After the requirements of the mission and the qualifications of the individual 
best suited to accomplish it have been decided, it is necessary to select measures 
for determining who hes the most of each desirable characteristic and the least of 
each undesirable characteristic. This can be done by using interviews and 
projective tests to give an intensive picture of each individual. Objective tests 
supplement the personality evaluation and measure intellectual functions, apti- 
tudes, and achievements. After examination of the background data, interview 
material, and tests results, clinical judgment is used to decide which men are 
psychologically best qualified for the gnment. 


aot Pamtation to 115th annual meeting, the American Psychiatric Association, Philadelphia, Pe., 
pr. 29, , 
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As firsthand knowledge of space flight increases, these procedures must be re- 
examined. When enough data have accumulated, predictions can be checked 
against performance criteria. Methods which predicted accurately will be re- 
tained and improved. Those with little value will be discarded. ew measures 
can be added on the basis of increasing experience. Once correlation between 
psychological variables and the quality of performance have been determined, 
the accuracy of future selection programs should be raised. 

A clinical approach of this type was used in selecting pilots for the first U.S, 
manned satellite experiment —W ABA Project Mercury. The objective was to 
choose men for a 2-year training program, followed by a series of ballistic and 
orbital flights. The pilot’s duties will consist largely of reading instruments and 
recording observations. However, he will retain certain decision-making func- 
so ae will be required to adapt to changing conditions as circumstances may 

emand. 

By combining data on the nature of this mission with information on behavior 
—— other stressful operations, the following general requirements were estab- 
lished: 

(1) Candidates should have a high level of general intelligence, with abilities 
to interpret instruments, perceive mathematical relationships, and maintain 
spatial orientation. 

(2) There should be sufficient evidence of drive and creativity to insure positive 
enon to the development of the vehicle and other aspects of the project 
as a whole. 

(3) Relative freedom from conflict and anxiety is desirable. Exaggerated 
and stereotyped defenses should be avoided. 

(4) Candidates should not be overly dependent on others for the satisfaction 
of their needs. At the same time, they must be able to accept dependence on 
others when required for the success of the mission. They must be able to 
tolerate either close associations or extreme isolation. 

(5) The pilot should be able to function when out of familiar surroundings and 
when usual patterns of behavior are impossible. 

(6) Candidates must show evidence of ability to respond predictably to fore- 
seeable situations, without losing the capacity to adapt flexibly to circumstances 
which cannot be foreseen. 

(7) Motivation should depend primarily on interest in the mission rather 
than on exaggerated needs for personal accomplishment. Self-destructive wishes 
and attempts to compensate for identity problems or feelings of inadequacy are 
undesirable. 

(8) There should be no evidence of impulsivity. The pilot must act when 
action is appropriate, but refrain from action when inactivity is appropriate. 
He must be able to tolerate stress situations positively, without requiring motor 
activity to dissipate anxiety. 

The chances of finding men to meet these requirements were increased by the 
reselection process. Eligibility for the mission was restricted to test pilots who 
ad repeatedly demonstrated their ability to perform functions essential for the 

Mercury project. Records of men in this category were reviewed to find those best 
suited for the specific demands of the mission. A group of 69 were then invited 
to volunteer. he 55 who accepted were given a series of interviews and psycho- 
logical tests. On the basis of these data, 32 were chosen for the final phase of the 
selection program. This phase was designed to evaluate each candidate’s medical 
and psychological status, as well as to determine his capacity for tolerating stress 
conditions expected in space flight. 

The psychological evaluation included 30 hours of psychiatric interviews, 
psychological tests, and observations of stress experiments. The information 
obtained was used to rate candidates on a 10-point scale for each of 17 categories. 
Ratings were made on the basis of specific features of behavior—both as indicated 
by the past history and as observed during the interviews. Even though the 
general population was used as a reference group, the scales are normative onl 
in an arbitrary sense. The 10 levels represent subjective decisions on whic 
characteristics are ideal, which are average and which are undesirable. Although 
the reliability among raters is excellent, validation studies have not yet been done. 

The categories are: 

(1) Drive: An estimate of the total quantity of instinctual energy. 

(2) Freedom from conflict and anxiety: A clinical evaluation of the number and 
severity of unresolved problem areas and of the extent to which they interfere 
with the candidate’s functioning. 
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(3) Effectiveness of defenses: How efficient are the ego defenses? Are they 
flexible and adaptive or rigid and inappropriate? Will the mission deprive the 
candidate of elements necessary for the integrity of his defensive system? 

(4) Free energy: What is the quantity of neutral energy? Are defenses so 
expensive to maintain that nothing is left for creative activity? How large is the 
“eonflict-free sphere of the ego”? 

(5) Identity: How well has the candidate established a concept of himself and 
his relationship to the rest of the world? 

(6) Object relationships: Does he have the capacity to form genuine object 
relationships? Can he withdraw object cathexes when necessary? To what 
extent is he involved in his relationships with others? 

(7) Reality testing: Does the subject have a relatively undistorted view of his 
environment? Have his life experiences been broad enough to allow a sophis- 
ticated hans of the world? Does his view of the mission represent fantasy 
or reality 

(8) Dependency: How much must the eandidate rely on others? How well 
does he accept dependency needs? Is separation anxiety likely to interfere with 
his conduct of the mission? 

(9) Adaptability: How well does he adapt to changing circumstances? What 
is the range of conditions under which he can function? What are the adjust- 
ments he can make? Can he compromise flexibly? 

(10) Freedom from impulsivity: How well can the candidate delay gratification 
of his needs? Has his behavior in the past been consistent and predictable? 

(11) Need for activity: What is the minimum degree of motor activity required? 
Can he tolerate enforced passivity? 

(12) Somatization: Can the candidate te expected to develop physical symp- 
toms while under stress? How aware is he of his own body? 

(13) Quantity of motivation: How strongly does he want to participate in the 
mission? Are there conflicts between motives—whether conscious or uncon- 
scious? Will his motivation remain at a high level? 

(14) Quality of motivation: Is the subject motivated by a desire for narcissistic 
gratification? Does he show evidence of self-destructive wishes? Is he attempt- 
ing to test adolescent fantasies of invulnerability? 

(15) Frustration tolerance: What will be the result of failure to reach estab- 
lished goals? What behavior can be expected in the face of annoyances, delays, 
or disappointments? 

(16) Social relationships: How well does the subject work with a group? 
Does he have significant Ua problems? Will he contribute to the success 
¢. missions for which he is not chosen as pilot? How well do other candidates 
ike him? 

(17) Overall rating: An estimate of the subject’s suitability for the mission. 
bs is based upon interviews, test results, and other information considered 
relevant. 

It can be seen that categories 1, 2, 4, and 10 are largely economic constructs; 
3, 5, 6, and 7 are ego functions: while the rest are specific characteristics considered 
important for space flight. The categories represent many different levels of 
abstraction and are not independent dimensions. In the final analysis. they are 
less a means of quantifying data than of organizing their interpretation. Not only 
do they provide a method to compare one subject with another, but also tend to 
focus attention on the material most closely related to the mission requirements. 

An initial evaluation of each man was made by two psychiatrists, through 
separate interviews during the preliminary sereening period. One interview was 
devoted primarily to a review of the history and current life adjustment, while 
the other was relatively unstructured. Finally, ratings were compared, infor- 
mation pooled, and a combined rating made. Areas of doubt and disagreement 
were recorded for subsequent investigation. 

The men accepted for the final screening procedure were seen again several 
weeks later, after an intensive evaluation of their physical status had been com- 
pleted. Each candidate was reinterviewed and the following psychological tests 
were administered: 


Measures of motivation and personality 
(1) Rorschach. 
(2) Thematic apperception test. 
(3) Draw-a-person. 
(4) Sentence completion test. 
(5) Minnesota multiphasic personality inventory. 
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Ww Who am I?: The subject is asked to write 20 answers to the question, 
“Who am I?” This is interpreted projectively to give information on identity 
and perception of social roles. 

(7) Gordon personal profile: An objective personality test yielding scores for 
“ascendency,” “responsibility,” “emotional stability,” and “sociability.” 

(8) Edwards personal preference schedule: A forced-choice questionnaire 
measuring the strengths of Murray’s needs. 

(9) Shipley personal inventory: Choices are made from 20 pairs of self-descrip- 
tive statements concerning psychosomatic problems. 

(10) Outer-inner preferences: A measure of interest in and dependence on 
social groups. 

(11) Pensacola Z-scale: A test of the strength of “authoritarian’’ attitudes. 

(12) Officer effectiveness inventory: A measure of personality characteristics 
found in successful Air Force officers. 

(13) Peer ratings: Each candidate was asked to indicate which of the other 
members of the group who accompanied him through the program he liked best, 
which one he would like to accompany him on a two-man mission, and which 
one he would assign to the mission if he could not go himself. 


Measures of intellectual functions and special aptitudes 

(1) Wechsler adult intelligence scale. 

(2) Miller analogies test. 

(3) Raven progressive matrices: A test of nonverbal concept formation. 

(4) Doppelt mathematical reasoning test: A test of mathematical aptitudes. 

(5) Engineering analogies: A measure of engineering achievement and aptitudes. 

(6) Mechanical comprehension: A measure of mechanical aptitudes and ability 
to apply mechanical principles. 

(7) Air Force officer qualification test: The portions used are measures of 
verbal and quantitative aptitudes. 

(8) Aviation qualification test (USN): A measure of academic achievement. 
(9) Space memory test: A test of memory for location of objects in space. 

(10) Roatial orientation: A measure of spatial visualization and orientation. 

(11) Gottschaldt hidden figures: A measure of ability to locate a specified 
form imbedded in a mass of irrelevant details. 

(12) Guilford-Zimmerman spatial visualization test: A test of ability to visual- 
ize movement in space. 

In addition to the interviews and tests, important information was obtained 
from the reactions of each candidate to a series of stress experiments simulating 
conditions expected during the mission. Neither the design of these tests nor 
the physiological variables measured will be discussed. Phychological data were 
derived from direct observation of behavior, postexperimental interviews, and 
administration before and after each run of alternate forms of six tests of percep- 
tual and psychomotor functions. These procedures were: 

(1) Pressure suit test: After dressing in a tightly fitting garment designed to 
apply pressure to the body during high altitude flight, each candidate entered a 
chamber from which air was evacuated to simulate an altitude of 65,000 feet. 
This produces severe physical discomfort and confinement. 

(2) Isolation: Each man was confined to a dark, soundproof room for 3 hours. 
While this brief period is not stressful for most people, data are obtained on the 
style of adaptation to isolation. This procedure aids in identifying subjects who 
cannot tolerate enforced inactivity, enclosure in small spaces or absence of external 
stimuli. 

(3) Complex behavior simulator: The candidate was required to make different 
responses to each of 14 signals which appeared in random order at increasing 
rates of speed. Since the test produces a maximum of confusion and frustration, 
it measures ability to organize behavior and to maintain emotional equilibrium 
under stress. 

(4) Acceleration: The candidates were placed on the human centrifuge in 
various positions and subjected to different G loads. This procedure leads to 
anxiety, disorientation, and blackout in susceptible subjects. 

(5) Noise and vibration: Candidates were vibrated at varying frequencies and 
amplitudes and subjected to high energy sound. Efficiency is often impaired 
under these conditions. 

(6) Heat: Each candidate spent 2 hours in a chamber maintained at 130°. 
Once again, this is an uncomfortable experience during which efficiency may be 
impaired. 

After all tests were completed, an evaluation of each man was made by & 
conference of those who had gathered the psychological data. Final ratings 
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were made in each category described previously, eae aptitudes were con- 
sidered, and a ranking within the group was derived. By combining the psy- 
chiatric evaluations, results of the physical examinations and physiological data 
from the stress test procedures, the ae was subdivided under the headings 
“Outstanding,’’ ‘““Recommended,” and “Not Recommended.” Finally, seven 
men were chosen from the list according to the specific needs of the Mercury 
roject. 

: IMPRESSIONS OF CANDIDATES FOR SPACE FLIGHT 


Although the results of the selection program can’t be assessed for several years, 
impressions derived from psychiatric evaluations of these candidates are of in- 
terest. In answer to the question, ‘‘What kind of people volunteer to be fired 
into orbit?’ one might expect strong intimations of chopathology. The high 
incidence of emotional disorders in volunteers for ratory experiments had 
much to do with the decision to consider only candidates with records of effective 
performance under difficult circumstances in the past. It was hoped that avoiding 
an open call for volunteers would reduce the number of unstable candidates. 

In spite of the preselection process, we were surprised by the low incidence of 
such disorders in the 55 candidates who were interviewed. For the 31 candidates 
who survived the initial screening and physical examination, repeat interviews 
and psychological tests confirmed the original impressions. There was no evi- 
dence for a diagnosis of psychosis, clinically significant neurosis, or personality 
disorder in any member of this group. 

Certain general comments can be made concerning the 31 men who received the 
complete series of selection procedures. The mean age was 33, with a range from 
27 to 38. All but one were married. Twenty were from the Midwest, Far West, 
or Southwest. Only two had lived in large cities before entering college. Twenty- 
seven were from intact families. ‘Twenty were only or eldest children. (In this 
connection, it is perhaps worth noting that four of the seven men chosen are named 
“junior.’’) Pronounced identifications with one parent were about equally 
divided between fathers and mothers, although mothers with whom such identifi- 
eations were present were strong, not infrequently masculine figures. 

Impressions from the interviews were that these were comfortable, mature, 
well-integrated individuals. Ratings in all categories of the system used con- 
sistently fell in the top third of the seale. Reality testing, adaptability, and drive 
were particularly high. Little evidence was found of unresolved conflict suffi- 
ciently serious to interfere with functioning. Suggestions of overt anxiety were 
rare. Defenses were effective, tending to be obsessive-compulsive, but not to an 
exaggerated degree. Most were direct, action-oriented individuals, who spend 
little time introspecting. 

Although dependency needs were not overly strong, most showed the capacity 
to relate effectively to others. Interpersonal activities were characterized by 
knowledge of techniques for dealing with many kinds of people. They do not 
become overly involved with others, although relationships with their families are 
warm and stable. 

Because of the possibility that extreme interest in high performance aircraft 
might be related to feelings of inadequacy in sexual or other areas, particular 
emphasis was placed on a review of each candidate’s adolescence. Little informa- 
tion could be uncovered to justify the conclusion that unconscious problems of 
this kind were either more or less common than in other occupational groups. 

A high proportion of these men apparently passed through adolescence in 
comfortable fashion. Most made excellent school and social adjustments. Many 
had been class presidents or showed other evidence of leadership. 

Most candidates entered military life during World War TL. Some demon- 
strated an unusual interest in flying from an early age, but most had about the 
same attitudes toward airplanes as other American boys. Many volunteered 
for flight training because it provided career advantages or appeared to be an 
interesting assignment. 

Candidates described their feelings about flying in a variety of terms: “some- 
thing out of the ordinary,” “a challenge,” “a chance to get above the hubbub,” 
“a sense of freedom,” “an opportunity to take nsibility.” A few look upon 
flying as a means of proving themselves or to build confidence. Others consider 
it a “way for good men to show what they can do.” 

Although half the candidates volunteered for training as test pilots, the others 
were selected because of achievements in other assignments. Most view test 
flying as a chance to participate in the development of new aireraft. It enables 
them to combine their experience as pilots and engineers, Their profession is 
aviation and they want to be in the forefront of its progress. Danger is admitted, 
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but deemphasized—most feel nothing will happen to them, But this seems to 
be less a wishful fantasy than a conviction that accidents can be avoided by 
knowledge and caution. They believe that risks are minimized by thorough 
panees and conservatism. ery few fit the popular concept of the daredevil 
test pilot. 

Although attempts have been made to formulate the dynamics underlying the 
pursuit of this unusual occupation, generalizations are difficult to make. Motives 
vary widely. While it is clear that conscious reasons may be unrelated to un- 
conscious determinants, the variation in conscious attitudes illustrates the 
impossibility of a single explanation for a career which has different meanings 
for different individuals. One man, for example, stated that he enjoys flight 
testing because it allows him to do things which are new and different. He 
enjoys flying the newest aircraft available—vehicles that most pilots will not see 
for several years. Another is an aeronautical engineer who is primarily interested 
in aircraft design. He looks upon a flight test much as the researcher views a 
laboratory experiment. 

Reasons for volunteering for Project Mercury show a mixture of professionalism 
and love of adventure. Candidates are uniformly eager to be part of an under- 
taking of vast importance. On one hand, space flight is viewed as the next 
logical step in the progress of aviation; on the other, it represents a challenge. 
One man expressed the sentiments of the group by saying, ‘“There aren’t many 
new frontiers. This is a chance to be in on one of them.’ Other expressions 
included: “a new dimension of flight,’”’ “‘a further stage in the flight envelope of 
the manned vehicle,’ “‘a chance to get your teeth into something big,’’ ‘“‘the 
sequel to the aviation age,’’ a “contribution to human knowledge,” ‘‘an oppor- 
tunity for accomplishment,’’ “the program of the future,’’ ‘an interesting, 
exciting field,’ ‘‘a chance to be on the ground floor of the biggest thing man has 
ever done.” . 

At the same time, most candidates were practical. They recognized that this 
project will benefit their careers. To some it is a chance to insure an interesting 
assignment. Most recognize the trend away from conventional manned aircraft 
and look upon the Mercury project as a means for getting into the midst of future 
developments. One said: “We’re the last of the horse cavalry. There aren’t 
going to be many more new fighters. This is the next big step in aviation. I 
want to be part of it.’ Most are aware of the potential personal publicity and 
feel this would be pleasant, but ‘‘not an important reason for volunteering.” 

Although all candidates are eager to make the flight, it is not their only concern. 
Most want to participate in development of the vehicle and have an opportunity 
to advance their technical training. The orbital ride is partly looked upon as a 
chance to test an item of hardware they have helped develop. Risks are appre- 
ciated, but accepted. Most insist they will go only when the odds favor their 
return. No one is going up to die. They are attracted by the constructive 
rather than the destructive aspects of the mission. 

Psychological tests of these 31 men indicate a high level of intellectual function- 
ing. For example, the mean full-scale scores for the seven who have been selected 
range from 130 to 141, with a mean of 135. The pattern is balanced, with 
consistently high scores on both verbal and performance subtests. 

Projective measures suggest the same healthy adaptations seen in the interviews. 
Responses to the Rorschach, for example, were well organized. Although not 
overly rigid, they did not suggest much imagination and creativity. Aggressive 
impulses tended to be expressed in action rather than fantasy. 

Behavior during the isolation and complex behavior simulator tests—which 
might be considered input-underload and input-overload situations—showed 
evidence of great adaptability. No eandidate terminated isolation prematurely 
and none viewed it as a difficult experience. As might be expected for this brief 
exposure, no perceptual changes were reported. Fifteen subjects “programed” 
their thinking in isolation. In five of these men, the attempt to organize thoughts 
was considered evidence of an overly strong need for structuring. Sixteen per- 
mitted random thought, relaxed and enjoyed the experience. Most slept at least 
part of the time. 

When placed under opposite conditions—with too much to do instead of too 
little—the candidates were usually able to keep from falling hopelessly behind the 
machine. Only a few were troubled by the impossibility of making all responses 
promptly. The majority became content to do as well as possible, showing 8 
gradually increasing level of skin resistance, even though working at a frantic pace. 

Reactions to physiological stressors correlated positively with the psychiatric 
evaluations. Candidates who had been ranked highest on psychological variables 
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tended to do best in acceleration, noise and vibration, heat, and pressure chamber 
runs. Their stress tolerance levels were among the highest of the hundreds of 
men subjected to these procedures in the past. Uncomplaining acceptance of the 
discomforts and inconviences of this phase of the program appeared to reflect 
not only their strong motivation, but also their general maturity and capacity 
to withstand frustration. 

In summary, it is suggested that the most reasonable approach to selecting 
men for doing something no one has done before is to choose those who have been 
successful in demanding missions in the past. To decrease the probability of 
error, a broad sample of behavior must be observed. Every effort should be made 
to make these observations as relevant to the expected demands of the mission 
as —— 

y selecting only those candidates who were able to adapt to whatever con- 
ditions confronted them, we hope we have found those who are best qualified for 
space flight. Our confidence is further strengthened by the attitudes of the men 
who were chosen. Most reflected the opinion of the candidate who, when asked 
why he had volunteered, explained: “In the first 50 years since the Wright 
brothers, we learned to fly faster than sound and higher than 50,000 feet. In 
another 5 years we doubled that. Now, we’re ready to go out 100 miles. How 
could anyone turn down a chance to be part of something like this?” 





4. “MAN ALIVE IN OUTER SPACE” 
(By Thomas R. A. Davis, M.D.) 


[From the Atlantic Monthly, March 1960] 


[ What scientific precautions must our doctors take to insure 
that man can be projected into outer space and return alive? 
The question is no longer academic: Russian scientists have 
predicted that their astronauts will be ready for the adven- 
ture within 2 years. Dr. Thomas R. A. Davis is director 
of environmental medicine for the U.S. Army Medical Re- 
search Laboratory]. 


Space travel for man is imminent. Engineers have already sup- 
plied us with the vehicles. Admittedly, some of them are still un- 
reliable and, for technical reasons, some will never become reliable. 
However, certain of them are now operational and have 90-percent 
reliability. Although the engineers of these missiles have presented 
man with the means of travel to outer space, the medical biologists 
have been slow to accept this fact. and find themselves somewhat short 
on knowledge and understanding of how man can go into space and 
remain alive. Except within a fairly limited range, we cannot change 
man’s existing modus operandi, and we can therefore take no other 
view than that his entry into the new environment is merely an exten- 
sion of our current knowledge of human biology. 

Biologically, the principal problems which will confront man in 
outer space are: First, the necessity of operating in a virtual vacuum; 
second, weightlessness, the result of operating under zero or reduced 
gravity; third, protection against the extremes of solar and_ nuclear 
radiation; and, fourth, adjustment to high acceleration and decelera- 
tion. ; 

No biological system that we know of at present can operate in a 
vacuum, and therefore an artificial environment compatible with 
man’s logical requirements must be contrived. For each of the five 
components affecting the proper functioning of man—namely, oxygen, 
barometric pressure, carbon dioxide, humidity, and temperature— 
there is a relatively narrow limit outside of which his system will not 
function either efficiently or comfortably. Our failure to recognize 
such limits has already cost. animals their lives while they were still 
on the launching pad. 

Juggling with an artificial environment is a necessity because, 
except for short flights, the engineers tell us that a life-support capsule 
operating under reduced atmospheric pressure would be lighter and 
easier to engineer than one in which the normal sea-level pressure of 
14.7 pounds per square inch is maintained. The high-altitude studies 
which have been going on for a number of years do not provide a 
solution, because they are carried out with oxygen deprivation, neither 
necessary nor desirable in a space-capsule environment. 
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Because we have not had a need to know, we have not tried to find 
out the relationship between barometric pressure and oxygen percent- 
age in terms both of toxicity from too much oxygen and of hypoxia, 
a condition of less oxygen in tissues than is required for their proper 
metabolism. Until experiments to determine this relationship on a 
short- and long-term basis are carried out both with animals and man, 
we will be working entirely in the dark. Already the preliminary 
work being done indicates that the relationship is more complex than 
we had hitherto estimated. 

The safe level of carbon dioxide, which along with water is a re- 
spiratory waste product of metabolism, is much easier to control than 
is the safe oxygen level, and as long as carbon dioxide is kept at less 
than 1 percent, it can do little, if any, harm. However, if at a differ- 
ent atmospheric pressure its percentage increases significantly, we 
may have problems to solve. 


THE TEMPERATURE OF SPACE 


One cannot measure the temperature of space with a thermometer 
because, for all practical purposes, there is nothing to measure. If 
one puts a thermometer into space, one is measuring the temperature 
of the thermometer itself; this is the resultant of the radiant heat it 
is receiving on its sunny side and the radiant heat it is losing on its 
shady side. Since the heat loss to the cosmos is constant and only the 
heat gain from the sun varies with distance from the Sun, the nearer 
in space an object is to the Sun, the higher will be its final temperature, 
while the further away, the colder this temperature will be. 

Unlike the Earth, our space vehicle will have no buffering atmos- 
phere around it, and so we can expect a potential temperature of 
about 250° F. on the sunny side and about —250° F. on the shady side. 
It is unlikely that this will actually be the case, especially if the con- 
struction materials of the spaceship have good thermal conduction 
properties and if its atmosphere is assisted in its thermal convection 
properties by the simple act of stirring. Stirring will occur as part 
of the system used to remove carbon dioxide and water, the waste 
products of respiration. 

From actual measurements in space, it seems that, in the terrestrial 
orbit area, we may have trouble in keeping the spaceship atmosphere 
cooled to the required comfortable temperature. This is especially 
So since each astronaut gives off an average of 500 B.t.u.’s per hour 
and since our electronic equipment inside the capsule will also be 
giving off heat. Fortunately, we can obtain temperature control by 
varying the ratio between the sunny and the shady side, a relativel 
simple operation. This system of temperature control would wor 
within certain limits near the terrestrial orbit but should be adequate 
as long as our exploration is confined to the Moon and the neighboring 
planets. Interstellar travel will pose more difficult questions. Be- 
tween the area where we lose our solar thermal radiation and that 
where we gain the radiation equivalent of the next star, we can expect 
the temperature of the space capsule to drop as low as —273° F. 

The high temperatures encountered on reentry into the Earth’s 
atmosphere are due to the friction caused by the high speed of the 
vehicle passing through air, when temperatures of greater than 3000° 
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F. can occur. The production of such an extreme of temperature is 
the result of the ballisticlike nature of our present missiles. If the 
costly payload could be increased to carry enough fuel to allow the 
spaceship to slow down for a soft landing, high temperature of reentry 
could be avoided, but because at present this is not the case, our 
astronauts are going to have to experience some very warm moments. 
If this period of high temperatures were short, there would be no great 
difficulty, but, unfortunately, the very insulation which prevents the 
heat of surface friction from affecting the capsule too sevérely also pre- 
vents the rapid loss of that heat which is conducted into it. It has 
has already been announced that the temperatute of the capsule in- 
tended for a man could be kept at around 150° F. during reentry. 
During the Able-Baker flight, a deviation of less than 1° F. from the 
specified capsule temperature was achieved. 

A nude man is physiologically a tropical animal, and at rest. he is 
- most comfortable at temperatures of 80° to 86° F. with a relative 
humidity of 50 to 60 percent. In this area, he is in what we call 
“thermal neutrality.” That part of his circulation which is concerned 
with the regulation of his normal body temperature is at rest, his 
sweat glands are at rest, his metabolic needs are minimal, and environ- 
mentally he is completely unstressed. Above this temperature range, 
there are changes in his circulation, respiration, sweating, and metab- 
olism which enable him to maintain the body temperature that nature 
has chosen for him. Primarily, this increase is costly in fluids, which 
are lost in the form of sweat. Below this temperature, man has to 
stoke up the internal fires, a reaction costly in food and oxygen, and 
tosome extent in fluid also. 

I would venture to say that, in the recent past, a number of animals 
have died because of our failure to recognize that the narrow limits 
of thermal neutrality greatly increase the effects of other physical 
stresses that are less controllable during preflight, actual flight, and 
recovery. The best operating temperature for our capsule is deter- 
mined by the type of clothing its occupant is going to wear. Since 
in the Able experiment the animal was to be encased in a restraint 
harness with padding of unknown thermal properties, the thermo- 
neutral range had to be determined by experiment prior to the 72-hour 
period of the animal’s enclosure within the capsule. 

The thermoneutral range of both man and animals can be extended 
by conditioning. Human subjects have been conditioned to the ex- 
tent that they are able to sleep in the nude at 50° F. room temperature, 
and if you do not think this is a neat trick, try it sometime. Condi- 
tioning to heat can also be achieved, and, happily, cold and heat con- 
ditioning can coexist, greatly increasing the resistance of man to 
injuries of thermal extremes. 

Relative humidity is a less complicated problem, so long as it is 
kept near the range of 50,to 60 percent for all temperatures. If hu- 
midity is too high, man cannot carry out the normal minimal fluid 
exchange that should take place, while if it is too low, regardless of 
temperature, he will suffer from excessive fluid exchange and the 
tendency will be toward dehydration. Therefore, both the upper and 
lower limits of relative humidity must be established in the capsule 
for proper physiological efficiency. 
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WEIGHTLESSNESS 


There are some scientists who strongly believe that weightlessness 
will create a tremendous difficulty in outer space, and to support this 
theory some very fancy physiological assumptions have been put 
forward. There are scientists who think that weightlessness will 
cause only a partial difficulty, similar to seasickness. Still others think 
that weightlessness will cause no physiological or psychological diffi- 
culties whatsoever. 

The state of weightlessness is brought about by the absence of 
gravity in space and cannot be simulated for any useful period of 
time within the environs of the Earth. Earth’s gravitational force, 
1 g, is the unit used not only to describe degrees of weightlessness but 
also to describe forces which increase the weight of mass above its 
static weight on Earth. Such forces oceur during acceleration or 
deceleration and also when a mass is rotated on a centrifuge. G forces 
of greater than 1 g are easy to simulate on Earth, either by the use of 
a centrifuge or by a fast accelerating and decelerating vehicle. What 
you feel in the seat of your pants when you mash down the accelerator 
of your car is g force; in reverse, this is also what. you feel when you 
apply the brakes, and both are identically expressed. G forces less 
than 1 g cannot be simulated on Earth except for a few seconds during 
high-speed parabolic flight. These few seconds of weightlessness are 
of no real help in the study of its physiological or psychological] effects 
because the body cannot adjust in the time available. This inability to 
adjust has led some scientists to believe that there may be a constant 
feeling of falling and of spatial disorientation as a consequence of 
Wats 

his theory could be quite wrong. Falling is associated with ac- 
celerition, while reduced weight or complete weightlessness need not 

so associated. The forces of acceleration and deceleration are a 
changing state which is reported as such by the organs of position and 
balance, and spatial disorientation is suspected, presumably, because 
the organs responsible for orientation are now free floating and with- 
out weight. The enigma cannot be solved unless we know whether our 
organs are mass-weight or mass-inertia dependent. Weight alters 
during weightlessness in space, but mass and its inertia are always 
the same, whether on Earth or in space. 

During Able’s flight through space, she was weightless for about 
10 to 12 minutes, and there was no physiological change detected as a 
result of this. The inflight movies indicate that, psychologically, 
the monkey was quite undisturbed by finding herself in this strange 
state. It is probably true, that regardless of the physiological effects, 
the ordinary acts of living will be somewhat difkcult during weight- 
lessness, and especially will this be so on the space satellite stations, 
which are considered to be a necessity as way stations and takeoff 
points for exploration of the Moon, the planets, and of space itself. 
These satellite stations will orbit around the Earth and will be 
manned by construction crews building true space vehicles. 

The engineers and physicists tell us that it is their intention to 
rotate these satellite stations in order to provide them with artifical 
gravity by the use of centrifugal force and at the same time to over- 
come all the problems of weightlessness. These specialists do not 
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appear to realize that rotation creates an interesting but disturbing set 
of medical problems associated with the organs of balance. If a man 
or an animal is rotated and the axis of his vestibular apparatus is 
changed, as in nodding or tilting of the head, some wonderfully fan- 
tastic and highly disturbing results take place, similar to those we ex- 
perience during a ride on a super roller coaster. Very few individ- 
uals can tolerate much of this. Some vomit, some manage to emerge 
with only a pale-green complexion, and others have to go to bed to 
recover. 

Current research has done much to define the psychophysiology of 
the problem. The adverse effects of rotation vary greatly from one 
individual to another, professional dancers and acrobats are the least 
affected. If rotation is necessary, there is some glimmer of hope, for 
it has been shown that animals and man have a fairly rapid ability 
to adapt to the effects of rotation. 

The space engineers glibly set up conditions without due regard for 
the biological implications of those conditions. They murmur of 
weightlessness, but the biologists visualize only an astronaut having 
difficulties with his balance mechanism. For the past several years, 
results of experiments indicate that rotation may be a worse problem 
than weightlessness. Rotation is used not only to establish artificial 
gravity in space but also to stabilize vehicles in order to overcome the 
problems of tumble. This is especially important during reentry into 
an atmosphere, when violent vibration of the space vehicle takes place. 
And vibration has a nebulous gamut of biological problems all of its 
own. This vibration of reentry appeared to be the only event during 
flight that caused Able disturbance. 


NUCLEAR RADIATION 


Nuclear radiation in space has been demonstrated by James Van 
Allen and his colleagues as consisting of a doughnut-shaped belt which 
surrounds the earth and is POPES centered over the equatorial and 


temperate regions of the globe, with its inner edge about 400 to 1,000 
miles distant from it a its outer edge approximately 70,000 miles 
out. Although the intensity of this belt is fairly well delineated, we 
have no idea of its effect upon biological systems. Furthermore, we 
do not as yet completely know what types of radiation compose this 
band. Animal experiments designed to tell us what harmful effects, 
if any, may be caused by entry into it would be desirable before we 
expose an astronaut to its unknown quantity. Of course, in order to 
cut down the exposure as much as possible, we could rush our astronaut 
through the Van Allen radiation belt at very high speed, provided 
that it is as confined as is currently believed, a supposition that seems 
to become more dubious as the days go by. 

Below, within, and beyond the Van Allen radiation belt, we must 
contend with heavy cosmic particles which travel with a tremendous 
energy and leave destructive tracks in animal tissue, each of which 
is about the diameter of twenty blood corpuscles. In the area between 
the Earth’s atmosphere and the inner edge of the belt, we know that 
these particles occur frequently enough to damage the tissue of animals 
in high balloon flights. Their strike is apparently not felt by biologi- 
cal specimens, and the effect of their damage is conjectural. 
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Radiobiologists are of the opinion that if one of these cosmic parti- 
cles should strike an important area of the brain, a man could be put 
out of action. It must be remembered that the brain is not composed 
of finite pinpoint areas but of a large association of cells, the destruc- 
tion of a small part of which would be unlikely to produce any unde- 
sirable effect. The only question that remains is “How many holes 
in the head can a man or an animal stand?” and to date we are not 
sure of the answer. We must make sure through adequate animal 
experiments, especially if we plan to have a manned satellite station 
rotating around the Barth within the area of cosmic radiation. 

In this area, the Able-Baker flight lasted approximately 10 min- 
utes, and two strikes of such particle occurred on the sensitive plates 
designed to record the heavy particle concentration. Able’s death 
from anesthesia 5 days after the flight allowed exhaustive histopatho- 
logic examinations to be made of her tissues, and no heavy particle 
tracks were found. Baker, who is still alive and well, has shown no 
evidence that she was in any way affected by such radiation. A con- 
clusion of “no effect” can be made only for a similar flight path 
and for a similar duration in space. Longer periods in this area of 
space are required before definite conclusions can be drawn. 


ACCELERATION AND DECELERATION 


Although acceleration is the process of speeding up and decelera- 
tion is the process of slowing down, the net effects of the two forces are 
the same, so that physiologically we can speak of them as being one. 

Newton’s first law states that a body either remains at rest or 
progresses in uniform motion. Because there is no resistance in outer 
space, the velocity which a body achieves is maintained without any 
ae assistance. The velocity, its direction, and the distance 

rom Earth determine whether an object will soar on into space, will 
fall back to Earth, or will go into orbit. 

Currently, our methods of propulsion into space consist of giving 
the space vehicle a high velocity after a short period of time and then 
allowing the vehicle to continue on its own in free flight without fur- 
ther help. Such a method of propulsion demands that, in order to get 
into true space, we reach the Earth’s escape velocity of about 7 miles 
= second. ‘To achieve this velocity, efficiency of the method requires 

igh accelerative g forces, 


A return to Earth obviously demands that we apply slowdown 
methods involving high decelerative g forces. In our present 
ballistic a to space travel, deceleration has to be achieved in 


a relatively short distance, and therefore in a relatively short time, 
so that, usually, much higher forces are attniried. in landing 
than in takeoff. In the ‘Able-Baker flight, g forces a re- 
entry were three and a half times greater than those during takeoff. 
Although g forces during takeoff and recovery can be mitigated 
by engineering design, which will require larger funds than have so 
far been made avaiable: the escape velocity of 7 miles per second is 
necessary only because of the current ballistic approach. Tf we had a 
long enough ladder and could spare the time, we could climb up into 
space and back with no g forces of consequences to worry us 
This would also be true if we had a space vehicle which could main- 
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tain a constant speed when it was pointed toward space. In both 
instances, we would eventually arrive in outer space; so perhaps future 
spacemen will look back at our present propulsion methods and smile 
at the crudity of their forefathers, who contemplated putting a man 
into a rocket and then firing him off into the blue. ; 

Our chief medical concern with accelerative and decelerative g 
forces is their effect upon man’s circulatory system. We need to find 
out. whether there will be impairment of its function of supplying 
oxygen and nutrition to tissues and carrying away the waste products 
of tissue metabolism, which the respiratory system eliminates as water 
and carbon dioxide and the urinary system eliminates as a multitude 
of end products. The difficulty arises from the fact that, for all 
practical purposes, the vascular system obeys the laws of hydrostatics. 

Fluids are not easily compressed, a fact put into use in the many 
hydraulic systems, including the braking system of an automobile. 
And fluids seek their own level. At 1 g, or the force of gravity 
on Earth, when we are standing up the blood tries to flow out of our 
toes and is prevented from doing so only by the competence of our 
blood vessels. Blood cannot go to our brains without the pumping 
action of our hearts. The heart is sensitive to changes in hydrostatic 
pressure, to the degree that the mere raising of an arm can be reflected 
in its compensatory reaction. When we lie down the hydrostatic 
pressures more or less equalize, and blood goes to the head or to the 
feet with equal facility. 

Under all normal circumstances on Earth, the efficiency of the 
vascular system far outweighs these hydrostatic effects. At 0 g, 
which is weightlessness, these effects do not exist, and any position 
is as good as the next one. However, at g forces greater than 
1 g, these potencies can be expected to increase in direct relation 
to the amount of g force applied, so that now position becomes 
extremely important. Insofar as the direction of the applied g 
force is concerned, the position which allows no point of the vascular 
system to be higher than another would give the best results. Under 
sufficient g force the position which allows the head to lead in 
the direction of acceleration would drain the brain of blood and 
cause a blackout through oxygen starvation. Theoretically, the posi- 
tion where the long axis of the body is perpendicular to the 
force would be the best choice. 

In the Able-Baker flight, g forces encountered caused Able to 
increase her heart rate, while little Baker’s rate decreased. I have 
reported this as being perhaps due to the fact that Able did not have 
the most important part of her anatomy perpendicular to the g 
force, while Baker did. If this contention is true, then the dynamics 
of circulation in the critical anatomical areas require further study, 
so that our spaceman will not be subjected to unnecessary stress or 
trauma. 

VISION IN SPACE 


As an example of some of the lesser difficulties in space medicine, 
consider the question of vision. Without the buffer of the natural 
terrestrial atmosphere, the radiation of visual light. and infrared and 
ultraviolet rays will be maximal, so that filters and other specialized 
protective equipment will be necessary for an astronaut. . Also, 
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owing to the absence of an atmosphere, tremendous contrasts between 
lighted objects and the darkness of space may pose some visual 
problems. 

Perhaps the most serious visual difficulty for an astronaut may 
be the condition of empty-space myopia. At rest, our eyes tend to 
accommodate for a distance of about 6 feet, so that objects beyond 
this distance are out of focus and not readily perceived. On the 
ground and in ordinary flying, this circumstance causes no severe 
problem, since our eyes can quite rapidly accommodate to distant 
scenery by progressive accommodations to a series of objects. _How- 
ever, traveling in space, a man does not have this procession of 
objects in front of him, and with his eyes at the resting accommoda- 
tion of 6 feet or less, he has no yardstick by which he may determine 
whether his eyes are focusing at 6 feet or at infinity. As a result, 
objects even as close as a hundred feet. can be completely missed visu- 
ally. For exactly these reasons, the difficulties of vision are a plague 
to our high-flying jet pilots, 


THE NEED FOR BASIC RESEARCH 


All of the foregoing might lead one to conclude that space is an 
outrageously dangerous area to be entered by man. Some have 
chosen to make an issue out of the difficulties, while others have 
overminimimized them. Doubtless the truth lies somewhere in be- 
tween. In order to be sure of the extent of likely dangers, biological 
investigation using animals should have high priority on any pro- 
gram concerning outer space. From what Pes glean of the efforts 
of space scientists in Soviet Russia, the necessity is fully recognized, 
and Russian biological research is probably ahead of ours. To 
place a man in space without biological research would be equivalent 
to developing a polio vaccine by using human subjects instead of ani- 
mals. The successful efforts carried out in the United States which 
are worthy of the term bioflight are few. 

During the Able-Baker flight, Able had to live restrained inside 


the oat and in the artificial environment created for her there for 


a total period of almost 72 hours—such a lenghty time being required 
because the biological experiment could not interfere with the pri- 
mary engineering mission of this particular missile. Even so, the 
engineers were able to build into the capsule all of the environmental 
criteria that were requested of them, and they built it to such a degree 
of en that the animals were able to reenter the world alive and 
well. 

Although some neurological and psychological experiments have 
been performed using simians, ph eaoloaiea! baseline data are rela- 
tively lacking for the monkey damily. These baseline data take years 
to collect and evaluate and are already available for other animals, 
such as the rat and the dog. The claim that the physiology of a 
chimpanzee or a rhesus is most like that of man is not based upon 
sufficient research evidence. Physiologists have generally avoided 
using members of the monkey family as experimental snbijecte be- 
cause of their much greater cost and Wibtatite they are not the easiest 
animals to handle. To use them as primary test animals to determine 
the physiological effects of space is likely to land us in the position 
of having data which may be difficult to interpret. 

54232 O—60——18 
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In the animal bioflights so far carried out, our knowledge of the 
biological effects of space is given a good start. But it is only a start. 
A flight of such a few iniinile into space for such short periods cannot 
provide many answers. The variations of the response of biological 
systems to drugs, environments, or social stresses differ greatly be- 
tween individuals. If we put 10 animals or 10 men into a cold room, 
2 might become frost bitten, 3 might become hypothermic without 
frostbite, and the other 5 might be quite happy, although all were in 
the same situation. We cannot rely upon the meager results so far 
obtained. 

Space medicos understand that grim determination is necessary to 
carry out a bioflight successfully. They know, too, that their speci- 
mens can get back alive, and they will work minutely to see that they 
do get back alive, never daring to delegate without checking and 
doublechecking. When I hear on a news broadcast that a handful 
of valueless little white mice have died in an effort to reach outer 
space, to me there is nothing casual in the implication. There is no 
exultation when a missile has to be destroyed. To space scientists 
these things are steps backward in the national effort, for which all 
of us, no matter to what service we owe our particular allegiance, 
wish only success and progress. 

The topsy-turvy growth of the missile program has affected the 
medical and biological aspects of space research no less than it has its 
other aspects. The dream of every space scientist is space travel for 
man, but up to now the picture of the biological programs necessary 
to be carried out has not been clear. Injury to our first man in space 
can put our program back for years, and there would seem to be a 
need for further animal experimentation before we proceed. There 
are still many who believe that simulated conditions of space within 
a laboratory will tell us all, presupposing that we know all the condi- 
tions to be encountered during a space flight. Even if they were 
right, we would have to check our suppositions by the use of anima] 
flights. Furthermore, Van Allen’s belt of radiation, cosmic radiation, 
and weightlessness cannot be simulated or assessed here on earth. 

Space flights using animals cannot be regarded as anything more 
than a checking process, while in the laboratory we do the basic work, 
such as the study of the relationship between oxygen and barometric 
pressure and its effect upon respiration physiology; the study of the 
effects of radiation upon biological tissue and the protective measures 
eee its ill effects; the study of rotation upon the vestibular system ; 
the study of the dynamics of the vascular system during high g 
forces. 

Space scientists are constantly faced with the question “Why does 
man wish to explore space?” A mountain climber once told a news- 
paper reporter that he risked his neck climbing to the tops of moun- 
tains simply because the mountains were there, a reply which, despite 
its complete lack of reasoning, seems to have great public appeal and 
may be sufficient answer to the present question. Explorations in the 
past have yielded benefits far beyond what could possibly have been 
predicted, and it would be unusual if explorations of space did not 
yield parallel benefits. 

It is reported that it took Columbus 7 years to induce Queen Isabella 
to sell her jewels to finance the expedition which has resulted in all 
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that Americans now hold dear. Isabella got very little in return for 
her investment at the time. The Phoenicians and the Dutch explored 
for trade; the Egyptians, the Spaniards, the Portuguese, and the 
British, for King Solomon’s gold; only the Polynesians and the Vik- 
ings explored for the sheer joy of practicing the arts of navigation and 
voyaging. 

Today we have other globes to explore, but let us not delude our- 
selves. Would we rather see our taxes go to efforts to solve the prob- 
lems of space today, or would we prefer to wait and see them go toa 
foreign power in payment for the exports from that country’s newest 
territory, the Moon ? 








5. “MAN IN SPACE .. . WHERE WE STAND” 


(By Col. Paul A. Campbell, Chief, Space Medicine Division, School of Aviation 
Medicine,,,U.S. Air Force ') 


Those of us associated with research toward the goal of manned spaceflight 
feel that its eventual accomplishment is inevitable and that its accomplishment 
is a logical, rational development in the evolution of man and the evolution of 
the metagalactic universe. 

Man has certain attributes, physiological, psychological, and sociological, which 
have resulted in rational, on by-ciee progress toward space. A few of these are: 

His natural curiosity which constantly asks him what lies beyond the clouds, 
the blue sky, and the stars. 

His spirit of adventure from which he may gain enjoyment from going places 
and doing things outside the ordinary. In many cases he enjoys sufficient danger 
to separate him from the “meek who shall inherit the earth.” 

His refusal to be contained by barriers which restrict him or his activities. 

His quest for achievement of which he, his family, etc., can be proud, which 
again sets him apart from his fellow men and improves his ego. 

His built-in desire to do that which he has been told is impossible. 

How far man will go into space probably (and here we have all learned to couch 
our dogmatism with “probably’’) will be found to be limited to some extent at 
least by— 

The speed of light. 

The distance which he can travel and return in his productive life span. Unless 
he changes considerably, he will always wish to return to tell or write about his 
feats. 

The limits of resupply within reasonable time. 

The amount of radiation which he can be exposed to and remain in good health, 

The statistical chances of survival, etc. 

This is all well and good and gives us a framework for the future and feeds fuel 
to the science-fiction writers, but the cold gray dawn of each morning tells us that 
there is much to be done before spaceflight in its broader sense can be accom- 

lished. We are progressing in a step-by-step fashion, but at times two steps 
orward and one step backward. Our forward steps sometimes bring us face to face 
with a new barrier, such as the Van Allen-type radiation bands, but new knowledge 
tempers the old and progress continues. In [our] time * * * we have seen the 
oxygen barrier, the bends barrier, the vapor-pressure barrier, the sound barrier, 
the thermal barrier, the ozone barrier, and many others appear for a time to block 
the extension of aviation, but each has vanished as some new breakthrough has 
shown the means of traverse. 

Progress in each parameter has been exponential. The pauses produced by 
barriers have resulted in such short-lived plateaus that when viewed in the 
curve of progress of the 20th century—59 years to date—they seem almost 


1 Air Force and Space Digest, July 1959, pp. 65-67. 
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imperceivable. Aviation through rocketry, its Newtonian principle of propulsion, 
its lift produced by propellant rather than wings, and its ability to carry its oxidizer 
rather than to depend upon the atmosphere for its breath, now gives us the means 
for penetrating the atmospheric barrier. Where machine can go, man wishes to go 
and will discover, invent, or improvise the means. 

But again to get back to our earth-bound laboratories and our mundane 
existence, let us have a look at where we stand today and point out a few of the 
more serious problems which slow progress toward spaceflight and require 
integrated, concentrated effort. Let us do a little curve watching before we look 
into the erystal ball. 

Man and machine have been in a more or less continuous race to outdo one 
another since the advent of aviation. At times man, through advancements of 
the state of the art of protective devices and measures, has been in the lead and 
could go where the machine could not take him. At times the machine has been 
in the lead and has been able to go places and do things in which man could not 
participate. 

Until 2 or 3 years ago the race between the aviation designers and engineers on 
the one hand and the flight surgeons, aviation biologists, and human factors 
groups on the other hand has been nip and tuck. But in these past 2 or 3 years 
the situation has suddenly changed, and the machine capability fae advanced far 
beyond man’s capability. Let us look at two parameters to see where we stand. 

fanned altitude, or, as we must now say, distance outward, achievement has 
been one parameter which has been carefully watched since the Wright brothers’ 
first flight. * * * The curve is exponential and looks good when viewed on the 
proper chronological base line. It ended with Kincheloe’s flight [in the Bell X-2] 
to an altitude of 126,200 feet. But when placed within the framework of hard- 
ware achievement, it does not look so good. The man/machine gap is tremendous 
and is Ra anINS by the month. 

Let us now look at another parameter—that of speed—because as we all know 
man cannot orbit until he reaches a speed of some 18,000 miles per hour and cannot 
escape the earth’s gravitational tentacles until his velocity has reached some 
25,000 miles per hour. First, let us examine man’s speed achievements plotted 
chronologically. It ends with Mel Apt’s fatal flight ates in the X-2] reaching 
about 2,148 miles perhour. Again we have an exponential curve and man appears 
to be doing just fine. But again, when viewed within the framework of hardware 
achievement, it does not look very good, and again we see a tremendous man/ 
machine gap. 

Now why has this gap lengthened so much in the past few years. I think we 
can point to one situation—a comparison of resources—scientists and facilities— 
a comparison between the hardware development area and the human factors de- 
velopment area. Whereas there are several thousand scientists and facilities in 
hardware research, design, and production, there are still only a few in space 
medicine, space biology, human factors, and related disciplines, and this is taking 
its toll in terms of integrated progress toward manned spaceflight. 

The space concept is a relatively new one and is interdisciplinary throughout. 
Consequently, training for those who wish to participate simply does not exist 
except in the in-house, or on-the-job categories. Programs for training require 
the wedding of diverse disciplines such as astronomy and biology, astrophysics 
and ecology, logistics and ecology. As an example, may I point to the organiza- 
tional chart of our own Space Medicine Division at the School of Aviation Medi- 
cine, USAF, to illustrate: 

SPACE MEDICINE DIVISION 

1. Bioastronautics: 

Utilization of the energies of space. 

Protection against energies of space. 

Extraterrestrial and cosmic radiation. 

Liaison. 
2. Astroecology: 

Ecological systems, 

Components. 

Ecologistics. 

Synecology. 

Psychological reactions. 

Selection. 

Training. 

Indoctrination, 
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3. Biogravics: 
Biodynamics. 
Zero and sub “G.” 
Acceleration. 
Deceleration. 
Tangential acceleration. 
Reaction control. 

4. Bioastrophysies: 
Instrumentation. 
Design. 

Maintenance. 
Weight and capacity reduction. 
Reentry. 


The wedding of the disciplines here is self-evident. 

May I now emphasize that the primary biological problem of manned space- 
flight at this time lies in the production of people trained in the required inter- 
disciplinary techniques and with imagination, nho in turn can help produce solu- 
tions to the many complex problems which plague us. 

Let us now have a look at some of the other problems in the production of a 
reliable manned space system and see where we stand today: 

The problem of reentry is very serious as it involves relatively rapid slowdown 
from speeds (in the neighborhood of 18,000 miles per hour if orbiting or some 
25,000 miles per hour if in escape ellipse) to zero miles per hour. If we take the 
example of the orbiting vehicle, the magnitude of the total energies is some 19 
million foot-pounds per pound of orbiting mass. Thus, approximately 24,000 
B.t.u.’s per pound of ——- mass must be dissipated in a relatively short period 
of time. For comparison, the energy contained in a gallon of gasoline is about 
21,000 B.t.u.’s per pound. During the same period high G loads approaching 
man’s tolerance limits will have to be sustained. Project Mercury, the frst orbit- 
ing manned spacecraft, will have to meet these requirements. Its engineers say 
it can be done. 

Radiation.—Orbiting beneath the Van Allen bands, yet remaining above the 
levels of appreciable atmospheric drag, is possible. This requires an almost 
circular orbit between the altitudes of something like 140 miles and 400 miles. 
For travel into the deeper reaches of space, polar launching, to avoid the Van 
Allen bands, would require an exit passage almost identical with the path or 
entrance corridor of the maximum concentration of incoming heavy primaries. 
Again in the type of space travel of the relatively near future, orbiting within 
these bounds for short periods seems feasible. 

Weighilessness.—This is another huge question mark as our simulation capa- 
bility through the use of parabolic flight patterns still remains under somethin 
of the order of 60 seconds. We cannot even guess as to the effects of sever: 
hours or several days of zero G. Several of us are of the opinion, however, that 
an even greater problem is for the engineers to provide an absolutely stable 

latform which will not produce some tangential G due to rotation or tumbling. 

Yeightlessness is possibly the lesser of the two evils. 

Closed ecological systems.—For space travel of short duration such as a few 
circuits of the earth closed-loop ecological systems are unnecessary, but for long 
flights involving months such a system is an absolute requirement as resupply 
will be very difficult and the logistics will be exorbitant. 

Human logistics of spaceflight other than resupply require capacity reduction 
through miniaturization, the conservation of everything, recycling, and reutiliza- 
tion wherever possible. There is much to be done here and it must be done as 
the weight costs, in terms of fuel and structure required for getting each pound of 
a oxygen, food, containers, fluid, protective gear, etc. (into space), are very 

igh. 
Escape from a space vehicle in the event of accident, recovery, and survival 
present huge problem areas. The problems have been analyzed. The answer 
probably lies in constant improvement of the reliability of the primary vehicle. 





(Colonel Campbell is a pioneer in the aeromedical field, having twice served as 
Director of Research at the School of Aviation Medicine and more recently as 
_— assistant to the commander of the Air Force Office of Scientific Research. 

is article is condensed from a presentation to the Federation of American Societies 
for Experimental Biology in April 1959. It reflects the author’s personal views 
and is not to be construed as a statement of official U.S. Air Force policy.) 








6. EXCERPT FROM: “EXOBIOLOGY—EXPERIMENTAL 
APPROACHES TO LIFE BEYOND THE EARTH” 


Paper read by Dr. Joshua Lederberg, January 13, 1960 (Department 
of Genetics, Stanford University, Medical Center Palo Alto, Calif. ; 
Member, Committee 11 on Psychological and Biological Research, 
Space Science Board) at the First International Space Science Sym- 
posium * Nice, France, sponsored by COSPAR, Committee for Space 
Research, of the International Council of Scientific Unions 

* * * * * * * 


PLANETARY TARGETS 


The suitability for life of the accessible bodies of the solar system 
has already received ample attention. Mars is, of course, the likeliest 
target, most nearly resembling the habitat of the Earth. The indicated 
scarcity of free moisture and oxygen would severely limit the occupa- 
tion of Mars by man or most terrestrial animals. However, there 
seems little doubt that many simpler, earthly organisms could thrive 
there. Indeed, many students have concluded that Mars does have a 
biota of its own. The most pertinent evidence is perhaps the infrared 
reflection spectrum recorded by Sinton which indicates an accumula- 
tion of hydrocarbonaceous materials in the dark areas. This is com- 
plemented by Dollfus’ report (cf. this symposium) on the seasonal 
changes of granularity of these areas. The main reservation that must 
be registered is that these might be meteorological phenomena involv- 
ing masses of material which may be carbonaceous but not necessaril 
living. Most such material on the Earth’s surface is associated wit 
life. However, this may be connected with the greedy utilization of 
such compounds by organisms rather than their production by vital 
synthesis. However, the most plausible explanation of the astro- 
nomical data is that Mars is a living planet.? 

The habitability of Venus connected with its temperature, a 
highly controversial subject. Perhaps the most useful first con- 
tribution to the exobiology of this planet would be a definitive 
measurement of its temperature profile. Even should the surface be 
unbearably hot, this need not preclude a more temperate zone at 
another layer. 

The exposure of the Moon’s surface to solar radiation and its ab- 
sence of a significant atmosphere have discounted the possibility of a 
lunar biology. However, the composition of the Moon’s deeper lay- 
ers, from even a few meters beneath the surface, is very much an open 
question (cf. Urey, this symposium) particularly m the light of 
Kozyrev’s recent reports of gaseous emissions. listic plans for 


1 Preprinted from the proceedings to be published 1960 by the North Holland Publishing 
Co., Post Office Box 103, Amsterdam. 


2The term “vegetation” is often used—this should be discouraged if it implies that the 
Martian biota will necessarily fall into the taxonomic divisions that we know on Earth. 


263 








264 SPACE RESEARCH IN THE LIFE SCIENCES 


the biological study of the Moon probably must await the results of 
chemical analyses. Apart from the remote possibility of indigenous 
life the Moon is a gravitational trap for meteoroidal material. We 
may eventually be able to screen large quantities of this virgin mate- 
rial for what Haldane called astroplankton—the empirical test of the 
panspermia hypothesis. While exposed deposits would be subject to 
solar degradation, shaded refuges must also exist. Mercury may be 
analogous to the Moon, except insofar as its dark side may furnish 
an even more reliable, though much remoter, refuge of this kind. 

It may be academic to discuss the exploration of the major planets 
in view of their distance and the difficulty of deceleration in the 
Jovian field. However, their wealth of light elements, subject to 
solar irradiation at temperatures and in gravitational fields very dif- 
ferent from the Earth’s offers the most exciting prospects for novel 
biochemical systems. 


EXPERIMENTAL APPROACHES 


Our treatment of this topic warrants the utmost humility from a 
realistic view of our limitations. Useful landings on planetary tar- 
gets are fraught with difficulties and hazards; opportunities for re- 
mote experiments cannot be overlooked in the excitement of planning 
for more adventurous missions. Stabilized extra-atmospheric plat- 
forms for large telescopes may furnish tools for planetary chemistry 
comparable in yield to fleeting probes to the vicinity of the targets. 

It is instructive to ask ourselves how we might diagnose the exist- 
ence of life on the Earth from distant observations. If we may judge 
from the photographs so far obtained from high altitude rockets, we 
could hope to detect only large-scale manifestations of organized 
culture—cities, roads, rockets. This reserve may not give due credit 
to the possibilities of high resolution photography and sensitive 
infrared spectrometry, and reasonable implications from seasonal 
changes in the color and texture of terrain. However, we may con- 
clude that distant approaches will be invaluable for preparatory 
chemical information, but probably will not be decisive for exobio- 
logical inferences. Even if we could more surely decide that the 
Martian cycle involved living organisms rather than inanimate chem- 
ical transformations we would still have little insight into the inti- 
mate biochemical details which are a major objective of exobiological 
research. On the other hand, like our own extensive deserts and deep 
waters, a planet could harbor an extensive biota that would defy 
detection from a distance. 

Micro-organisms, for many reasons, are the best prospects on which 
to concentrate marginal capabilities. They are more likely to flour- 
ish in a minimal environment. than larger organisms. The microbes 
must also precede the macrobes in ev olutionary sequence though we 
must not suppose that present-day bacteria are necessarily very prim- 
itive. The Earth is well endowed with both kinds of organisms; we 
can imagine another world with only microbes; but we cannot con- 
ceive of one lacking microbes if it bears any form of life at all. Like- 
wee taking the Earth as a whole, we find that large organisms 

ornare only a small fraction of the surface. However, we can rea- 
sonably expect to find evidence of microscopic life in any drop of 
water, pinch of soil, or gust of wind. Given a limited sample for 
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study, microbiological analysis will certainly give the most reliable 
diagnosis for the presence of life anywhere on the planet. By the 
same odds the greatest diversity of biochemical mechanisms will be 
represented among the microbiota of a small sample. 

Microbiological probes also offer distinct. advantages for the collec- 
tion and analysis of living material. Starting from a single particle, 
microbes can easily be cultivated within the confines of an experi- 
mental device. In this they remain accessible to physiological and 
chemical experiments that would be extremely cumbersome for larger 
organisms. (Compare, for example, the automatic instrumentation 
that. would be needed to catch a mouse or an elephant and then to 
determine its nutritional requirements.) The techniques of cyto- 
chemistry as have already been developed for the chemical analysis 
of microscopic cells and organisms appear to be the most te 
adaptable to automation and telemetric recording, an important ad- 
vantage under the existing pressure of time, talent and cost. Im- 
portant issues of policy cannot be decisively settled without factual 
information on the growth capacity of the micro-organisms that might 
be exchanged among the planets. Accordingly, the methodological 
precedents in terrestrial science for exobiology are most evident in 
microbial biochemistry. The conceptual aims are equally close to 
those of biochemical genetics. Needless to say no other resource or 
objective of serious biological science can be neglected in the develop- 
ment of an experimental program. 

Aside from the experimental designs, the pace of exobiological re- 
search may be regulated by advances in vehicular and guidance capa- 
bilities and data communication. In the expectation that these will 
remain in reasonable balance—for static or real time television 
communication with the planetary probe—the microscope may be the 
most. efficient sensory instrument. The redundancy of a pictorial 
image is not altogether wasted: would we confide in a one-bit pulse 
from an efficient black box to answer our cosmic queries ? 

According to this experimental concept, the terminal microscope- 
vidicon cham must be supported by three types of development: (1) 
for collection and transport of specimen to the aperture of the micro- 
scope; (2) for cytochemical processing of the samples; (3) for pro- 
tection of the device from environmental hazards, its apt location 
after landing, provision for illumination, focusing, and perhaps pre- 
liminary image selection. Detailed studies of these problems are only 
just underway, and the following suggestions are only tentative. 

The easiest specimens to obtain may be atmospheric dust and 
samples of surface soil once the device has been landed. These are 
collected on a traveling ribbon of transparent tape which is thrown 
out and then rewound into the device. Larger samples, collected by 
a soil auger, could be subjected to a preliminary concentration of non- 
mineral components by flotation in a dense liquid. The use of such 
a tape simplifies the problem of treating the samples with a succession 
of reagents, for example specific enzymes and fluorescent stains which 
allow for the detection of nucleic acids and proteins. Microscopy 
with ultraviolet light, particularly at 2600 and 2800 A * owing to its 





* Editor’s footnote: An Angstrom unit, also abbreviated as A.U., is used in expressing 
the length of light waves; it represents a minute unit of length equal to one ten-thou- 
sandth of a micron, or one hundred-millionth of a centimeter. 








266 SPACE RESEARCH IN THE LIFE SCIENCES 


selectivity for nucleic acids and proteins may be the most direct way 
to distinguish micro-organisms from mineral particles. Generally 
speaking, the microscope can be adanted to many simple analytical 
procedures whose construction on a larger scale would present for- 
midable problems for automatic technique. 

The adaptation of the microscope system to a payload can be under- 
taken more realistically when laboratory prototypes have been built 
and tested. For example, we will have to decide between accurate 
prefocusing of a microscope whose lenses and entry slit are mounted 
in a rigid structure and continuous control of focus by an optically 
controlled servosystem (an innovation that would be far from useless 
in the biological laboratory). Fuorescent staining may facilitate 
automatic discrimination for conservation of radio power: the travel- 
ing ribbon can be stopped and the vidicon-transmitter activated just 
when a stained object is in view. 

These preliminary experiments can indicate some of the general 
features of the planetary microbiota. The data they furnish will 
support more intensive studies of the growth characteristics, chemical 
composition and enzymatic capabilities of organisms cultivated on a 
larger scale. The interaction of these organisms with tissue cultures 
of animal cells can also be considered. From the results of these 
initial probes we can better deduce how to anticipate the long range 
consequences of the intercourse of planetary biota. 


CONSERVATION OF NATURAL RESOURCES 


A corollary of interplanetary communication is the artificial dis- 
semination of terrestrial life to new habitats. History shows how the 
exploitation of newly found resources has enriched the human experi- 
ence; equally often we have seen great waste and needless misery 
follow from the thoughtless spread of disease and other ecological 
disturbances. The human species has a vital stake in the orderly, care- 
ful, and well-reasoned extension of the cosmic frontier; it will be a 
crucial measure of the maturity of our national consciences and their 
concern for posterity, how we react to the adventuresome and per- 
plexing challenges of space flight. 

The introduction of microbial life to a previously barren planet, or 
to one occupied by a less adapted form can result in the explosive 
growth of the implant with consequences of geochemical scope. With 
a generation time of 30 minutes, and easy dissemination by winds and 
currents, common bacteria could occupy a nutrient medium the size 
of the Earth in a few days or weeks, being limited only by the exhaus- 
tion of available nutrients. It follows that we must rigorously exclude 
terrestrial contaminants from our spacecraft. This stricture must 
hold until we have acquired the factual information from which we 
can assuredly assess the detriments of free traffic, and whether these 
are small enough to warrant the relaxation of these controls. 

At the present time, the most obvious values that would be threatened 
by contamination are scientific ones. The overgrowth of terrestrial 
bacteria on Mars would destroy an inestimable prize for the under- 
standing of our own living nature. Even if an intemperate. mission 
has not contaminated a planet, the threat of its having done so will 
confuse later studies, if Earth-like organisms are then found. How- 
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ever, other values are in question. Quite apart from strictly scientific 
concerns, would we not deplore a heedless intrusion on other life 
systems? It would be rash to predict too narrowly the ways in which 
andisturbed planetary surfaces, their indigenous organisms, their 
molecular resources may ultimately serve human needs. If we have 
cause to prejudice these values, we surely would not wish to do so 
by inadvertence. 

To do this effectively requires a nice appreciation for the ar 
and durability of bacterial spores, which are well preserved in hig 
vacuums and at low temperatures, and are only rapidly destroyed 
when kept at temperatures over 160° C. It is probable that spacecraft 
can be disinfected by the conscientious application of gaseous disin- 
fectants, especially ethylene oxide, but this will succeed only if the 
procedure is carried out meticulously and with controlled tests of its 
effectivness. Sealed components, if found to be potential sources of 
contamination, can be disinfected by chemicals, prior to sealing, or 
subsequently by heat, or irradiation at very high doses. The tech- 
nology of disinfection is an expert one, and personnel already experi- 
enced in it should be delegated supervisory control. 

The assessment of this problem involves a concept of risk that has 
not always been perceptively realized. The hazards of spaceflight 
itself, or of hard impact, or the planetary environment might suffice 
to neutralize any contaminants: but can we afford to rely on any 
uncertain suppositions when the stakes are so high, and when we have 
practical means at hand for conservative protection? We must be 
especially sensitive to the extreme variations in the environments of 
spacecraft or of planetary surfaces which might furnish refuges for 
microbial survival no matter how hostile the average conditions. 

The indications by agencies both in the United States and the 
U.S.S.R. that adequate precautions will be exercised on all relevant 
missions are an important step in the realization of constructive 
exobiology. 

Scientists everywhere will call for the application of these measures 
with the same care and enthusiasm as the more positive, exciting and 
patently rewarding aspects of space research. Scientific microbiology 
in the laboratory is absolutely dependent on the rigorous application 
of the special technique of pure culture with aseptic control. If we 
do not exercise the same rigor in space science we might as well save 
— the trouble of thinking about and planning for exobiological 
research. 

While early traffic to the planets will be one way, we must antici- 
pate the capability of nek trip and even of manned space flight. 
Undoubtedly, planetary samples can be analyzed for any scientific 
purpose more conveniently and more exactly in the terrestrial labora- 
tory than by remote devices. For each step of analysis, special de- 
vices can be used (or if need be newly designed and constructed) and 
a constant give and take between human judgment and instrumental 
datum is possible. However, the return of such samples to the Earth 
exposes us to a hazard of contamination by foreign organisms. Since 
we are not yet quite certain of the real existence of planetary (i.e. 
Martian) organisms, and know nothing of their properties, it is ex- 
tremely difficult to assess the risk of the event. The most dramatic 
hazard would be the introduction of a new disease, imperiling human 
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health. What we know of the biology of infection makes this an 
extremely doubtful possibility—most disease-producing organisms 
must evolve very elaborate adaptations to enable them to resist the 
active defenses of the human body, to attack our cells, and to pass 
from one person to another. That a micro-organism should have 

evolved such a capacity in the absence of experience with human hosts 
or similar organisms seems quite unlikely. However, a converse argu- 
ment can also be put, that we have evolved our specific defenses 
against terrestrial bacteria, and we might be less capable of coping 
with organisms that lacked the proteins and carbohydrates by which 
they could be recognized as foreign. Furthermore, a few diseases are 
already known (e.g., psittacosis, botulism, aspergillosis) whose in- 
volvement of man seems to be a biological accident. These arguments 
can only be resolved by more explicit data. Nonetheless, if they are 
harmful at .all, exobiota are more likely to be weeds than parasites, 
to act on our agriculture and the general comfort of our environment, 

and to be pervasive nuisances than acute aggressors. However, even 
the remotest risk of pandemic disease, and the greater likelihood of 
serious economic nuisance, must dictate a stringent embargo on the 
premature return of planetary samples, or craft that might inadver- 
tently carry them, Again, our preliminary experiments must give us 
the foundation of knowledge to cope with exo-organisms, even select 
those which may be of economic benefit. A parallel development of 
technique for disinfection may mitigate some of these problems—at 
present the prospects for treating a returning vehicle to neutralize 
any possible hazard are at best marginal by comparison with the im- 
mensity of the risks. 

Of the possible payloads for interplanetary travel, living man, of 
course, excites the widest popular interest. In due course, he may be 
supported by a sufficient payload to accomplish useful tasks in ex- 
ploration beyond the capacities of instrumentation. However, he is 
a teeming reservoir of microbial contamination, the most difficult to 
neutralize, and an especially apt vehicle for infectious organisms. In 
view of these difficulties, and insofar as manned space flight is predi- 
cated on the return of the crew, a sound basis of scientific knowledge 
from instrumented experiments is a sine qua non for the planning of 
such missions, 

Timely effort now to devise and build instrumented experiments is 
essential to keep pace with the technical capacities of space vehicles. 


CONCLUDING REMARKS AND ACKNOWLEDGMENT 


Many of the ideas presented in this statement are not new. In the 
scientific literature, they have been treated only occasionally, for ex- 
ample in a remarkable article by J. B. S. Haldane (1954). They are 
also anticipated in the classic works of science fiction, e.g., H.G. Wells’ 
“War of the Worlds,” and by a flood of derivative fantasies of less 
certain quality either as science or as fiction. This kind of attention 
has not necessarily helped the realistic evaluation of the biological 
aspects of space travel which may still be dismissed as overimagina- 
tive by some of our colleagues. However, exobiology is no more fan- 
tastic than is the realization of space travel itself and we have a grave 
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responsibility to explore its implications for science and for human 
welfare with our best scientific insights and knowledge. 

The principles embodied in this paper reflect the judgment of one 
among several of the scientific groups advisory to the Space Science 
Board of the U.S. National Academy of Sciences. However, they do 
not necessarily represent any official policy of the committed views of 
each consultant. The continued interest and advice of M. Calvin, 
R. Davies, N. Horowitz, S. E. Luria, A. G. Marr, D. Mazia, A, Novick, 
C. Sagan, G. Stent, H. C. Urey, C. B. van Niel, and H. Weaver, among 
many others, have been indispensable. 
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